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PREFACE. 



The object of the present work is to initiate the Btadent into the 
study of the Btmctore and forms of the various parts of plants. 
It embraces what ia commonly called Vegetable Organography, 
or a description of the tissues of which plants are composed, and 
of the various oi^ns which are concerned in the processes of 
nutrition and reprodoction. Without an accurate knowledge of 
this department of Botany, it is impossible to make progress 
either in the physiology or in the classification of plants. It 
bears to Botany the same relation that anatomy does to practical 
medicine. It is the basis and foundation on which the super- 
structure is to be raised. 

In the following pog^i plants are in the first instance con- 
sidered with referance to their minute structure. This is the 
Histolc^cal division of the subject, and calls for the use of the 
microscope. The combinations of the elementary tissues, which 
constitute the different organs, are next brought under considera- 
tion, and the plant is traced from its simplest condition through 
various morphological changes until it acquires the complete 
form of the seed-bearing individual. The laws of Morphology, 
or of the transformations of organs, and the general principles of 
Vegetable Symmetry, are also brought under the notice of the 
student, As flowering and flowerless plants differ essentially 
in their reproductive organs, it has been thought proper to treat 
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of them under separate divisions. The student of Ciyptogamic 
Botany will find in the concluding chapter a general view of the 
Btractnre and forma of the organs of the lower classee of plants. 
As it ia of great importance that the tyro in Botany should be- 
come acquainted with the appearances of plants and of their 
organs, an extensive aeries of wood-cuts have been used as illus- 
trations. These have been derived from various sources. The 
publishers have supplied wood-cuts from Maout's Atlas El^men- 
taire de Botanique, and from Kitto's Biblical Cyclopiedia ; other 
cuts have been derived from original sources as well as from the 
works of Mirbel, Payer, St. Hilaire, Henslow, Harvey, Greville, 
and Balfs. Full explanations of the cuts are given in the notes, 
and with them are embodied facts relating to Scripture plants, 
and to other matters not included in the text At the end of 
different sections there ia inserted a brief recapitulation of what 
has been stated in regard to particular organs ; thus enabling the 
student to see at a glance the principal points which demand his 
attention ; and in the case of structures requiring fiirther elucida- 
tion, references are made to works and papers which may be con- 
sulted. In the Histological department of the work there is a 
description of the microscope and its uses ; and lists are given 
of preparations which may be easily procured for the purpose of 
illustration. It has not been thought necessary to interrupt the 
text by introducing the derivation of the various terms, as the 
author contemplates the publication of a complete glossary for 
the use of students. 

In prosecuting the science of Botany, the student must ever 
bear in mind that it is only by the examination of plants in the 
garden and in the fields that he can acquire a tliorough know- 
ledge of Organography. No boot can make up for the want of 
this ; no descriptions nor iUustrations can supply its place. All 
that the teacher can do by his lectures and text-book is to direct 
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the pupil in hie reaearcliea, and to refer him to the Book of 
Natnie as the guide in his investigatioiiB. The student mnBt not 
1>e led away by human authority, however distingoished ; his 
motto most be — 

NulliuB addictuB jurare in verba magistii. 
While he avails himself of all the lud snpplied by eminent 
Botanists, he must endeavour by personal observation to ascer- 
tain the correctness of their statements. He must careMIy 
avoid hasty generalization, and a blind attachment to theories, 
however plausible. His foundation of facts must be solid if his 
inductions are to be correct. It is by a patient and laborious 
search after truth, by a diligent and enlightened questioning of 
Nature, and, above all, by a hnmble dependence upon Him " who 
is before all things, and by whom all things consist," that the 
botanical enquirer can expect to arrive at satisfiictory results. 



EuiMBUBOH, March ISSS. 



, Google 



, Google 



TABLE or CONTENTS. 



IvTnoDueroKT Remakes on the Analogies between r 
THE Anihal and Veoetarle Kihsdouh, anp on 
Depabtuints op Botant 



PAfiT I, 

STRUCTURAL AND MORPHOLOGICAL BOTANY 



CHAPTER I. 

Veoetable Hibtoloot, or the Study op the Elehbbtari Sthucture 

I. On the TTse of the Microbcofe in the Examination of Vehe- 

TABLB TuaUEB 

II. Cblu and Cbllulab Tibsue 

III. Vesbei-s akd Vabculak TisiuE 

Woody Tissue 

PuDctated Tissue 

Dotted or Pitted Tissue 

Bpiral Veeaela 

Modifications of Spiral Vessels 

Lsticiferous Veesela 



, Google 



▼1 CONTENTS. 

IV. CONTBHIS OF THE VeQETABUE TlBaCEB 

Cellnloee and ila ModificBtiooi 

SUroh 

Nuclei 

Chloiopbjil and Colouring Hatters 

Oilj, Fattj, and B«sinouB Mattere 

Air-Cavitiea 

Raphides or Crjatala 

Siliceous Matter 

Recapitnladon of the Blementaiy Tissnea .... 

list of Microscopic PreparatiouB of TiBsues .... 

V. iBTBOiniEHTAEr SiSTEM 

Epidermal Appendages 

Stomata 

Glands .... 

List of Microscopic Preparations of Integumentary Tisaoes 

CEAPTBK 11. 

NuTHmvB Oboams op Plabtb 

I. Thb Boot oe the DEscENuraa Pobtiok or tbe Ana 

II. The Stem oh the Ascekdikh Portion of the Aiib 

1 . Various Forms of Stems and Branches .... 

Subterranean Sterne and Branches .... 

2. Internal Structure of the Stem in General . , , , 

A. Eiogenona Stem or tbe Stem of Dicotyledonous Plants 

The Pith 

The Wood 

The Medullary Bays 

The Cambium Layer 

The Bark 

Beeapitnlation of Parts of an Exogenous Stem . 

AnomalonB Exogenons Stems 

Branches of Kiogens 

B. Endogenous Stem, or the Stem of Monocotjledonous 

Plants 

C. Acrogenouc Stem, or the Stem of Acotyledonoue Plants 



.y Google 



111. LeAVSB AHD THEIK MODtFKMTIOKB 

1. Arrangement of Lesves on the Aiis or PhyllotiuriB 

Vernation, or PrKfoliation 

2. Anatomical Stmcture of LeatoB 

Venation of Leaves 

3. Confonufttion of Leaves 

Simple Leavefl 

Compound Leaves 

Becapitnlalion of Facta eonnecled with Ihe Venation and 
Conformation of Leaves 

4. Petiole or Leaf-Stalk 

PhjUodia 

5. Stipules or Sttpular; Appendages 

6. TranafonnationB of Leaves and their Ajqrendages 

Ascidia or Pitchers 



CHAPTER in. 

Kepboductivk Oeoans of Flowehimb Pi.amtb 

I. The Ihflorebcebce, ob tub Askahqembeit of the Flowebs oh 

THE Allfl 

Bracts or Floral Leaves 

Flower Stalk 

Indeterminate or Inde6nitB Inflorescence .... 

Determinate or Definite Inflorescence 

Mixed InfloreBcence 

Recapitulation of the Different Kinds of Inflorflscsnce or An- 
thotaiis 

II. TaB Flower and na Different Paris 

1. Symmetry and Morphology of the Flower .... 

Transformations in Flowers 

2. The Flower-Bud 

^Istivalion or Preefloration 

3. The Floral Envelopfls 

A. The Calyx, or Out«r Floral Envelope . . . . 

B. Tho Corolla, or Inner Floral Envelope 

Foljpetaloua or Dialypetalonn Corollas 
Gamopetaloua or Monopetaloas Corollas 
Abnormalitiea in the Corotljne Whorl 
Becapitnlalion of Facts Relative lo the Floral En- 
velopes 



, Google 



. EBBOnlial Reproductive OrgMiB 

A, Andrtecium, Stitiainal Organii, or Stamens 

The Pollen 

TranBfumiatiana of Stamens 

Keoapitulation of the General Facts Kelative to the 
aamens 

B. GyiKBcinni, Pintilline Organs, or Pistil 

a. Pistil before becoming the Fruit .... 

Caipels ar Carpidia 

Thfl Ovary 

Placentation 

The Style 

The Stigma 

Transformatione of (he Pistil .... 

The Ovule 

Recapitulation of the Qeneral Facts Relative 
to the Pistil 

b. Pistil after becoming the Fruit .... 

The Mature Fruit 

Different Kinda of Fruit, and Carpnlogical 

Simple Fruits 

Multiple or Collective Fmita . . , , 
Transformations in Fruits .... 

Carpological Arrangement .... 

The Seed 

The Embryo 

Transformations in Seeds . , , , 

Recapitulation of Facts Relative to the Fruit, 
Seed, and Embryo Plant . . 



CHAPTER IV. 

-BlflVE AND REFROUUCTIVt: ObQANS OF Fu>WEKLEBS PlutKTn 

I , Gb^'ERAL ReHABES oh these ORQAIja .... 

II. Nutritive amo REPiioiiucniVE Oroass oe Diffebent Orders oi 

Chyptogahic Plants 

1, Organs of Ferns, and their Allies .... 

Ulices or Ferns 

Equisetacete or Horae-tMls ..... 

Lycopodiaceffi or Club-Mosses 

Rhizocarpte or Pepperwnrts 



, Google 



2. Organs uf Mussea and tlieir AllieB .... 

MuHci or MOBBBB 

HepaticiB or LiTerwortB 

3. Organs nf lichens imd their Alliea . . . . 

4, Organa of Fungi and their Allies , . . . 

5, Organa of AlgiB and their Allies . . . . 

Diatomaoeie or Brittleworts 

Confervaoefe or ConferTa* 

Floridese or Rose-Coloured Sea-weeds 

FucaceK or Brown Sea-weeda 

Characete or Charas 

Recapitulation of the Organs of Cryplogamic Plants 



, Google 



, Google 



CLASS BOOK OF BOTANY. 



INTRODUCTORY REMARKS. 

t. The objects presented to ua in the mat«riaJ world are naturally 
divided into two evident groapa — the inanimate or unorganised, and 
tlie aniiaat« or oi^anised. The staiy of the former, or of inert matter, 
is peculiarly the province of Chemistry and Mineralogy ; while the 
consideration of the latter, or of living bodies, belongs to the sciences 
of Botany and Zoology, Geology, in place of being denominated a 
separate science, may be considered the means by which the sciences 
of Zoology, Botanjr, and Mineralogy, are grouped together in one har- 



2. The substances of which the earth is composed, and the living 
beings which cover its euriace, are mutually eubaervient to each other ; 
and the adaptations which are opened up to the student of natural 
science, are well fitted to call forth his admiration of the wondrous 
workB of God. The soil, the waters, and the atmosphere, furnish 
materials for the growth of plants ; these, in their tiim, afford food 
to animals ; and from these, along with the fruits of the earth, man 
derives his nourishment. The decay of living bodies contributes to 
the formation of vegetable mould, and increases the fertility of the 
soil. Thus there is a complete circle of transformation, in which 
matter constantly changes place, and undergoes modi£catious fitting 
it for the various purposes to which it is applied. There is a one- 
ness in creation which calls upon the student of nature to take a 
comprehensive view of all. 

3. The difierent kingdoms of nature, and the different departments 
of science, pass into each other by insensible gradations. A labourer 
in one field of science cannot say to the labouTer in another, I have no 
need of thee. Like the members of the body, they are knit together 
to form one harmoniotis whole, and their individual efforts are all 
directed to the same great end. The student of inanimate creation, 
when he examines the compositio'n of the mineral matters of the globe, 
stipplies to the student of living nature information on which to found 
his researches ; and the latter, in his turn, fiimishes data by which the 
former determines epochs in the history of the crust of the globe. By 
the researches of the chemist, much has been done to promote the pro- 
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2 DISTIKCTI0N8 BETWEEN PLANTS AND ANIMALS. 

gresB of animal and vegetable physiology, and the study of the fimc- 
tions of living beings ; and to the laboure of the zoolc^;ist and botanist 
the Bcience of geology is indebted for its most important advances. It 
ie therefore neceasary that the student of natural history should not 
confine his attention to mere isolated portions of creation, but ehould 
Btudy the harmonies of aU parts of it. 

4. Those departments of science which have reference to living 
bodies, and which are hence termed Biological, are in an especial 
manner related to each other. Ko one can be considered a scientific 
anatomist or physiologist, who does not include In his researches a 
consideration of the Etructure and functions both of animals and plants. 
He must study the forms which they present, the cells and vessels 
which cnt«r into the composition of both, their mode of nutritioii, the 
circulation of their fluids, their various secretions, their reproductive 
functions, the movements they exhibit, the diseases to which they are 
liable, and the decay and death which they undergo. It is only by such 
means that a correct knowledge can be acquired of vital phenomena. 

5. While the higher classes of animals and plants are widely 
sep^ated &om each other, the lowest members of each kingdom ap- 
proximate so closely, that it is scarcely possible to form a line of 
demarcation. Some bodies, which Ebrenberg represents as animals, are 
now considered as belonging to the vegetable kingdom ; and there are 
still many living beings whose place in the system of nature has not 
been fiilly determined. Mere external form is not sufficient to give 
distinctive characters, for, in this respect, there are remarkable simi- 
larities. Movements will not constitute a diagnostic mark, for these 
occur in both ; and some beings low in the scale have the organic 
forces of plants, with the locomotion of animals. Even chemical 
analyMS fails to aid the naturalist ; for cellolose, long considered as of 
a vegetable nature, has now been found in the tunics of Ascidians, and 
a substance, isomeric with starch, has been detected by Gottlieb in 
some animal tissues. 

6. All researches info the limits between animals and plants lead, 
as Schmidt remarks, to the conclusion, " that from man to the primary 
animal and vegetable cell, there exists no gap in the realisation of a 

' general idea upon which nature, as a whole, is 
ed. There is no abrupt transition firom one 
kingdom to another, but an insensible gradation. 
The spore or germ of the Vaucheria clavata, one of 
the Alg(B or sea-weeds, with its vibrating filaments 
Fig.i. (Fig, 1), seems to resemble the young Medusa 

and the embryonic cell of the swimming Ascidia. The tunic of the 
Ascidia (Fig. 3) has the substance and structure of a plant, and so 
also, in all probability, has the umbrella of the Medusa (Fig. 7), Thus 

Fig. 1. Sporft or Kllnlar germ of one of th« AJgK (ChtEtflphorH^ ^ v, vnicLe or c^ell couetitntuig the 
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DISTINCTIONS BETWEEN PLANTS AND ANIMALS. 3 

the embryo-germ of an Alga or sea-weed ie identical in elementary 
composition and form with that of a Medusa or Ascidia ; in the former 
we have the higher stage of development of the plant ; in the latter 
&e simpler form of the animal." 

7. " Cannot we regard," Schmidt continues, "the Alga as the 
nurse of its more highly developed embryo ? The nurse or the tran- 
sitionary form of Campanuloria exhibits no trace of the phenomena 
which we necessarily connect with the idea of animal ,- we have here 
no stomach, no intemtd. cavity for the assimilative process, no spon- 
taneous motion ; in short, it is a perfect parent-cell of an Alga. The 
embryo which, on the bursting of the so-called parent animal, begins 
to pasB through the independent vital cycle, exactly resembles Vau- 
cheria. Like the latter, when the ciliary motion has continued for 
about two hours, it becomes fixed, and thus attached, is developed into 
perfect polype. In the first stage of this process it is a true Alga, 
in the latter an animal organism. We may regard the Alga as an 
interrupted formation of the polyp — as a polyp with a simple altema- 
tion of generation, whilst Campanularia (Fig. 6) possesses a double 
one." 

8. Xo chemical or physical difference can therefore be instituted 
between animals aud plants. " Motion is seen in Oscillatorite and in 
the spores of Algie (Fig. 1), as perfect as in some fixed marine animals. 
This motion is a necessary fundamental condition of the physical 
existence of these beings. What the atmosphere is to plants, the 
ocean is to the adherent marine animals. If the land animals lived 
in a sea consisting of albumen and hydrate of carbon, they would not 
require a locomotive apparatus to enable them merely to replenish 
their formative matter ; if the atmosphere contained no carbonic acid, 
plants would stand in need of locomotion. An internal cavity, for the 
assimilative process, is to give a great increase of surface to favour the 
most perfect assimilation. In plants, the whole system of intercellular 
spaces, and their outlets in stomata or leaf-poree, seems to serve the 
purpose of an internal cavity. They may be said to combine both the 
lungs and the intestinal tube. Carbonic acid, the formative material 
of plants, passes freely through the stomata of the elongated canals 
of the intercellular spaces, and throngh the thin-walled cellular ex- 
tremities of the roots, so as to be taken np into the surrounding 
cells by difiusion, as formative material ; just aa albumen and the 
hydrates of carbon pass through the mouth into the intestinal cavity. 
As regards respiration, Wohler has proved that elimination of oxygen 
takes place in some animals, and it appears that in some fiin^ car- 
bonic acid is exhaled ; and in reference to the substance of the cell- 
walls, cellulose is found to esist in the cells both of animals and plants. 
It seems impossible, therefore, in the present state of our knowledge, 
to give a complete and perfect definition of what is to be considered 
an animal, in contradistinction to what is to be hxtked upon as a 
plant." 
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AHALOGIEB BETWEEN THE MEMBERS 



9. It is interesting to trac« the analogies between the members of 
the animal and of the vegetable kingdoms, and to ohserye the wonder- 
fill Bmilarity which they exhibit in their various stages of growth and 

development. The Sertularian polj^ 
(Fig. 2 a), with their common stalk 
bearing numerous individuals (Fig. 
I 2 b), each having a certain inherent 
vital energy, and yet all depending 
on the general life of the entire com- 
pound zoophyte, may be likened to 
plants producing numerous buds, 
undergoing certain transformationB. 
A tree may be regarded as a congeries 
of buds, or separate individuals united 
•^ on a common stalk. These buds have 

^^' ^ a certain amount of independent vi- 

tality, so that they can be removed and made to grow on other trees 
by a process of bud-grafting, and yet they are dependent for their 
continued vigour on the common stem, 

10. In some instances, however, leaf-buds are spontaneously de- 





tached from plants, as in Bryophyllum calyoinum and the bulbiferous 
lilies, at a certain period of growth, and, on reaching the ground, be- 
come at once separate plants. So also, in the case of certain ascidians. 
Thus m Clavelina Upadifomis (Fig. 3) there is a common stalk or 

Fig. S, FlnmDldriB piDoata, b compound toafti.jte ; a, DKtnnil size of Ma ammal. It may be corn- 
pBKd to a tree niUi uumerouB liviji^ bnds ; b, a portion Eaagniflpd. aboving tbE fleparal« Eoopbytea, bU 
oT vhich, eipcpt one» bare diBcbarged their ova. 

Fig. S. ClBTCIina lepailifonDiB) b compound BBcidiBD, with b cnnnioD atalk lib« th« mjccljum or 
■pawn of fungi, and munEtona bndi I ( (, in diSecent ttBgn of piogreu -. c, the complete animal, 
capable of Uilng in a deUicbed lUtc, 
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OF THE ANIMAL AND VBQBTABLB KINQDOM. 5 

root-like procesB, resembling the mycelium or imdeiground sterna of 
mnduixaiis and otiier fiingi. This etalk gives origin to a series of 
buds, bb b, which are Dllimat«ly developed as complete aacidiana, c. 
They are then detached as separate individnala. 

11. In plants there tu« two modes in which new individoals are 
produced, one by the ag«ncy of stamens and pistils, or of certain le- 
prodnctiTe cells pving riae to seeds or spot«B containing the embryo 
plant ; the other by the productioD of leaf-buds, or by the fissiparoiis 
divifdou of cells. Animals, in these respects, exhibit resemblances to 
plants. The most common mode of reproduction in animals is by eggs, 
equivalent to seeds, depending on the presence of sexes, but the pro- 
duction of buds is by no means rare «aoDg some of the lower tribes. 
Thus, certain medusn have e^s produced 1^ the agency of testes and 
ovaries, and at the same time have buds which raproduce the indivi- 
dual. In Figure 4 a representation is given of Sarsia genanifera^ a 
medusa which, bemdes producing eggs, also exhibits a aeries of buds 
attached to a gastric peduncle, p. This peduncle, p, is highly magni- 
fied in Figure 5, and it is seen to end in tlie mouth at the lower part. 
Along the ddes of the pednncle, buds, & i, are developed, and in this 
state we have a repreaentatiou of a stalk bearing nmueroas polyps 
resembling Gampannlaria (Fig. 6). These buds, in place of remaining 




attached under the form of polype, 
swim about, and become Medusie. 



Campanularia, are cast off, 



Fig, 4-SungeiiiimfQa,oaAi^theiuked-e;ediudiufe, pndDciag,^ apednncJet with bud«, vblch 
iTop olf uid beoome mcdnsej i, tsntacla oftbe mcduia. 

Fig, fi- Ths pfldunde, p^ of SarfllA gFmEaifen Kmored, with buda or boIlM, fr A> which oltiDjalel)' 
lie detached and become molnw. 

1^. 6. rampennlaria int^ra magnifled, A poljp inalngoni to that which fonot the tDlcnaediatp 
itate betaeot the egg and tiie full; dvnlDped mcdiua. The laot-llke ramiliiatioiia beknr reaemhle 
.lio fpawn or mjeetinm oT fnugi. 
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6 ANALOGIES BETWEEN THE MEMBERS 

12. Analogies may be atill farther traced, when we conmder the 
transformations which plants undergo in their various stages of growth, 
and compare this with the alternations of generation which occur in 
animals. The seed of a plant, when placed in &vourable circum- 
stances, sprouts ; a stalk or stem is formed which gives origin to leaf- 
buds ; in due time changes take place, by which flower-buds are 
formed, and these in their turn form seeds. So it is in the animal 
kingdom. Polyps and meduste are, in some instances, different states 
of the same species. This has been established by the researches of 
Sars, Dalyell, Steenstnip, and Forbes. The medusa produces egge 
which pass through the infusorial state, fix themselves, and become 
polyps, like Corynte, TubulariK, and Campanulari«e (Fig. 6), and 
these polyps produce a kind ot bud which finally drops ofl^, and be- 
comes a medusa. Thus the egg goes through the intermediate state 
of a polyp before becoming a medusa. This alternation of generation 
is similar to the stages of plant-growth, commencing at the seed, and 
going through the leaf-bud to the flower-bad. Each leaf-bud is an 
individual as distinct aa the polyps in a compound zoophyte. The 
flower-bud is composed of the same elements as the leaf-bud; but 
they differ as much as the medusa does from the polyp. The flower- 
individual arises as a bud from the leaf-individual or the group of leaf- 
individuals. This is analagous to the buds of Campanularia. The 
flower-bud, when mature, produces seeds just as the medusa produces 
eggB. The seed then goes the round 
of sncc«ssive or alternating develop- 
ment. " Thus, among plants, leaf-in- 
dividuals are produced which yield 
buds becoming flower-individuals, and 
these, in their turn, produce seeds; in 
the same way as the animal genn ap- 
pears as a polyp-bud, and this, on being 
detached, becomes a medusa, which 
again produces eggs." 

13. In tracing the arrangement 
of the parts of plants and animals, 
we observe other points of resem- 
blance. Dana remarks, the leaf- 
bud consists of leaves arranged in 
a spiral order, and in the polyp some 
species show tentacles and corres- 
*^8- 7 ponding parts spiral in development. 

The some spiral character is seen in the flower, although the volutions, 
from being closer, appear in a circle. In medus« (Fig. 7), the regular 
spheroidal form is more perfectly developed than among the polyps ; 
at the same time, the spiral is seen in their tentacles (Fig, 7, (), The 
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only part where anal<^ seems to fail is, that the medusa bud fiJle off 
before its lull development, while this is not generally tlie case in 
plants. This depends on the difference of nutrition in the two kingdoms 
of nature. Flant-bnds, on Eeparation, nsually lose tlieiT only means 
of QUtriment ; although, as already seen, instances occur where certain 
buds fell off in an early stale, and are capable of independent develop- 
ment. 

li. While Botany has thoa important bearings on Zoology, it has 
a still more marked relation to Geology. It enables the geologist h) 
draw conclusions as to the succeeeion of the strati£ed rocks of the 
globe, and to determine, in some measure, the nature of the surface 
and of the climate at different epochs of the earth's history. Professor 
Phillips remarks, " Geology would never perhaps have escaped from 
the domain of empiricism and conjecture, but for the innumerable 
testimonies of elapsed periods and perished creations, which the strati- 
fied rocks of the globe present in the remains of ancient plants and 
animals. So many important questions concerning their nature, cir- 
cumstances of existence, and mode of inhumation in the rocks, have 
been suggested by these interesting reliqui®, and the natural sciences 
have received so powerful an impulse, and have been directed with 
such great success to the solution of problems concerning the past 
history of the earth, that we scarcely feel disposed to dissent &om the 
opinion, that without fossil zoology and botany there would have been 
no true geology." 

15. The stratified rocks of the globe present very distinct floras, and 
in the esamination of them tbe geologist requires to know thoroughly 
the microscopic structure of plants, and the arrangement of their cells 
and vessels. Great service has been rendered to Paleontology in this 
respect by the beauti&l sections of fossil wood first executed by Mr. 
William Niool of Eldinburgh, whose merits have been too much over- 
looked of late. Besides the elementary tissues of plants, the geologist 
must attend to the form of their stems, leaves, and fruit, the scars left 
by the separation of tbeir different parts, and the minute markings 
observed on the surface. He must also be fiilly informed as to the 
phynological constitution of plants, whether terrestrial or aquatic, their 
mode of growth, the climates in which they grow, and the nature of 
the soil in which they flourish. In all these points the labours of the 
botanist have materially aided the researches of the geologist. 

16. There are various marked geological epochs characterised by 
the predomiuaDce of certain great classes of plants. Thus, in the 
Carboniferous and Permian periods, ferns and their allies prevailed, but 
associated at the same time with plants higher in the scale ; in the 
periods extending upwards to the Cretaceous epoch, the flora is chiefly 
characterised by the prevalence of Gyinnospermous plants or Dicotyle- 
dons with naked seeds, such as Conifers and Cycadaceie ; and extend- 
ing from the chalk to the upper members of the tertiary series, the 
flora has a greater resemblance to that of the present day in the 
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predominance of Angioapermous Monocotyledons, and DicotyledooB. 
Although there is thus a gradation of distinct changes in the flora, 
still, there is no evidence whatever of any progreSBive development 
depending on the transformation of one species into another. There 
are no groundB for tracing back man to the monkey, or for supposing 
that, by a gradual series of changes, animals and plants have become 
more and more perfect and complete. All the facts of science lead to 
the conclusion, that there are distinct species, which vary within certain 
limits, and even the alternations of generation already referred to, are 
evidently circumacribed. The doctrine of transmutation of species is 
disproved by the best physiological reasonings, and its application to 
geological phenomena is altogether gratuitous and futile. For a refii- 
tation of all such speculative doctrines, and an exposure of their dan- 
gerous tendency as regards tlie cause of truth, we refer to Hugh 
Miller's Footprints of tie Creator, Whewell on the Indications of lie 
Creator, and Sedgwick on the Studies of the University of Cambridge. 

17. In its relation to Medicine, Botany must be viewed not only 
as fiuuishing the medical man with valuable information in regard to 
the afGnities and properties of plants, so as to enable bim to Hubstitnte 
one for another, witi certainty in circumstances, when the usual reme- 
dies are not at hand ; but it must be regarded as an important branch 
of preliminary study training his mind to hatnte of observation and 
diagnosis, which are so essentia to the successful prosecution of bis 
profession. The physiology of plants, too, enables Him to study in a 
simple form many of those phenomena wbioh are complicated and 
obscure in the higher order of living bodies. A complete literary and 
scientific education tends in no small degree to enhance the attain- 
ments of the accomplished physician. " It is of importance that a 
class of men so widely diffused, and mingling so much with society as 
the members of the medical profession, should be so instructed as to 
give a tone to conversation, and to promote among those with whom 
they associate the love and tbe pursuit of lit«rary and scientific accom" 
plisbments." 

18, The science of botany includes everything relating to the vege- 
table kingdom, whether in a living or in a fossU state. Ite object is not, 
as some have supposed, merely to name and arrange the vegetable pro- 
ductions of the globe. It embraces a consideration of the external 
forma of plants — of their anatomical structure, however minute— of the 
functions which they perform — of their arrangement and classification — 
of their distribution over the globe at the present and at former epochs, 
and of the uses to which they are subservient. It examines the plant in 
its earliest state of development, when it appears as a mmple cell, and fol- 
lows it through all its stages of progress until it attains maturity. It 
takes a comprehensive view of all the plants which cover the eartb, from 
the minutest lichen or moss, only visible by the aid of the microscope, to 
the most gigantic productions of the tropics. It marks the relations 
which subsist between all members of the vegetable world, and traces 
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the mode in which the mofit despiaed weeds contribate to the growth 
of the mighty denizens of the forest. It is & science, then, which 
demands careful and minute inveatigatioiiB — requiieB great powers of 
observation and research, and is wel] fitted to train the mental powers 
to vigoroDB and prompt action. 

19. Botany may be divided into the following departments : — I. 
Structural Botany, having reference to the anatomical Htmcture of the 
various parts of plants, including vegetable Histology, or the mlcroe- 
copic examination of tissues : 2. Morphological Botany, or the study of 
the form of plants and their organs; these two departments are often 
included under the general term of Oi^nography. 3. Pkgsioloffical 
Botany, by some termed Organology, or the study of the life of the 
entire plant and its orgtme, or the consideration of the functions of tiie 
living plant 4. Taxologieal Botany, or the arrangement and classifi- 
cation of plants. 5. Oeographical Botany, the consideration of the 
mode in which plants are distributed over the different quarters of the 
globe. 6. PalcBontologieal Botany, the study of the forms and structures 
of the plants found in a fossil state in the various strata of which the 
earth is composed. 
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STSUCTHKAL AND MORPHOLOGICAL BOTANY. 

20. This department inclndes a consideratioD of the minute struc- 
ture of the various parte of plants, and of the forms which they assume. 
In prosecuting it the student may either consider analytically tlie 
anatomy of each part of the plant at the swne time that he examines 
its form, or he may, in the first place, consider those structures, which 
enl£r generally into the composition of every part of the plant, and 
then study synthetically the mode in which they are grouped to- 
gether in the different organs. The latter is the method which has 
been usually adopted, and seems, upon the whole, that which is best 
fitted for the purposes of the student. 



CHAPTER J. 

VEGETABLE HISTOLOGY, OR THE STUBY OJ THE ELEMENTARY 

STRUCrmtE OF PUNTS. 

21. The elementary tissues of plants are few and simple. They 
consist of organs to which the names of cells and vessels are given. The 
former are minute bladders or vesicles (Fig. 8), varying in size and 
' form, which, when united together, constitute Cellular 
\ tissue (Fig. 9) ; while the latter are closed tubes of an 
igated form, frequently tapering to each end (Fig. 
10), and, when combined, constituting Vascular tissue. 
Fig. 8, ipjjg distinction between cells and vessels is founded 
on their comparative length. Occasionally, however, cells become 
lengthened, as in the case of some hairs, and the filamentous or thread- 
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like tissue of Fungi (Pig. H), bo a« not to differ from vessels aa re- 
gards length. Such long cells are distinguished chiefly b; the thin- 
ness and delicatenese of their texture. 

22. On making a transverse section of a succulent stalk, such as 
that of Bhubarb, or of a cucumber or melon, we perceive, by the aid 
of a glass, circumscribed angular meshes and rounded openings ; and, 
in a longitudinal section of the same stalk, similar meshes are also 
seen with long tubes of various kinds. The angular spaces are cells 
such as those seen in Figure 12, and the tiibes having rounded open- 




ings (Fig. 12) are vessels. The membrane forming the walls of both 
cells and vessels is composed of a substance called Cellulose, in many 
respects resembling starch, but differing in giving a yellow in place of 
a bine colour, with iodine. The membrane has in general no visible 



Fig. 0. Cellolu tiiwie from Live 
Kg, 10. Spindle-thiped Teuela, i 
Fig. 11, Mould fnugu, ioiD[jtKi 
tif, 19 Section of a bambHi, al 
«elli tod nniided (^eningt of roK] 
Fit. 13. miHr (TuicT ciigHmn) 



ort, a celLulu pluit (niBguiJl^] . 

r«lLs, IhoHat therwl being long and tube-like (i&agmfled). 
a ipeclmen col 'oj Mr. W, F^icol, Bhowing angiilar meehea o 
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pores or perforations ; but fluid matters pass throo^fb it easily. Some 
plante, such as tnifSes (Fig. 13), mould (Fig. 11), Liverworts (Figs. 




t^g. 14. Fig. ll>. 

14 and 15), and Lichens, conuBt of cetlular tissue alone, and hence 
are called Cellular plants ; while others, such as ordinary flowering 
plants, confflst of cells and vessels combined (Fig. 12), and receive 
the name of Vascular plants. 



I. ON THE USE OF THE MICROSCOPE IN THE EXAMI- 
NATION OF VEGETABLE TISSUES. 

23. The study of the minute tissues of plants is denominated 
Vegetable Histology. In prosecuting it, the student must have re- 
course to the microscope, an inetrumeut of great value, both to the 
anatomist and physiologist, and which it seems to be proper, in the 
first instance, to describe. In carrying on histological examinationB, 
it must be borne in mind that it is not enough to poeBess a good 
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microBCOpe ; there muBt also be the power of unng it properly. Con- 
etaat practice is required in order to be able to do bo, and hence the 
value of a regular course of instruction in histology. In ordinary 
botanical dissections, it ia seldom necessary to use a very high magni- 
fying power ; it is chiefly when examining some of the points con- 
nected with the formation of the embryo and the motions of fluids that 
such aid is required. 

24. Lenses. — The ordinary lenses in use are tlie double convex 
(Fig. 19), with two conu ex faces ; plano-convex (Fig. 18), with o 
convex and one flat-lace ; menuctu (Fig. , 
20), with a convex and concave face, and I 
a sharp edge, the concave face having the 4 
larger radius; concavo-convex (Fig. 21), I 
with a concave and convex face of equal ' 
radius, the edge being fiat ; plano-concaiie "^ '" '"* "' "' 
{Fig. 16), with a flat and concave face, and double concave (Fig. 17), 
with two concave faces. The flret three (Figs. 18, 19, 20) are called 
sharp-edged or convex lenses, and cause parallel rays to converge, or 
to come to a focus ; the last three (Figs. IG, 17, 21) are called fiat- 
edged or concave lenses, and cause divergence. By a combination of 
convex and concave lenses, certain advantages are obttuned which will 
be afterwards noticed. The focus of a lens is the point to which the 
rays converge. The magnifying power of a lens is estimated by its 
focal length, or the distance of the focus from its centre. The focal 
distance of the eye varies &om 6 to 12 inches, and hence 10 is taken 
as the mean. This nnmber is a convenient one, for, by adding a 
cypher to the denominator of the fraction expressing the focal length 
of a lens, we give its magnifying power. Thus, a lens whose focal 
length is ^ of an inch, is said to magnify 40 times. 

25. Simple Microscope. — The most usefitl instrument for a botanical 
student is the simple microscope, in which the object is viewed directly 
through a lens, so arranged as to be capable of being adjusted, by means 
of a screw, to its exact focal distance, and of being moved over diffe- 
rent parts of the object. The single lenses used may be either a double 
convex or a plano-convex. When higher powers are wanted, a doublet 
may be employed, consisting of two plano-convex lenses of different 
focal lengths, viz., one to three, placed at a certain distance from each 
other, with a stop between them to limit the aperture ; or a Goddington 
or periscopic lens, consisting of two hemispherical lenses, cemented to- 
gether by their plane faces, having a stop between them, or rather 
having a groove in the whole sphere filled with opaque matter. In 
the simple microscope, single or combined lenses may be used, varying 
in focal lengths from ^ to 1^ inch. 

26. In ordinary lenses, such as those described, there are sources 

Rgi. IS-Sl. DiffcKnt Idndi of leuei— IB. Plmo-rancaYS, IT. Dtmbk concne. IB. Flano-CDn. 
m. 1>. DonUe eoniu. SO. tleniiciu. SI. Cancsva-nnfu, IS, IB, «), tat thuxd^ed Icdim, 
uid auBC eDniergcnrv. 10, 17, 31, tn flat-edged, and anie i^TergcQct 
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of confiiBion both from their form and from the nature of the glaaa of 
which they are made. These two cansee give riee to what are termed 
abe>^ation» of »pherieity and refr<tngihility. The former, called also 
aph^ieal aberration, depends on the circumBtance of a convex lens, or 
one with a epherical surface, not bringing' all the rays exactly into one 
fi>cua ; while the latt«r, denominated also ckromatie (coloured) (Serra- 
tion, depends on the diSerent refractionB of the rays in paeeiiig throngh 
glass, which thus causes the objects to be coloured. In the human 
eye the variable curvature of the lens is with the view of correcting 
aberration, while its variable density seema to alter the figure of it 
under pressure. When using low magnitying powers these aberrations 
do not materially interfere with the accuracy of the observation, and 
this may be remedied ta a certain degree by means of a diaphragm or 
stop, which diminishes the aperture, and, cODSeqnently, the pencil of 
light, by stopping the rays passing through the margins of the lens. 
Although, in such a case, however, the pencU of light may not suffer 
much distortion, yet it is often too small to shew the markings which we 
wish to see. There is a want of definition, as it is termed, in consequence 
of the moderate light not bearing dispersion over the magnified picture. 
In more minute observations, however, especially with the compound 
microscope, it is essential to have lenses which are free from all sources 
» a of confusion, and which combine a large aperture with defini- 

ftion. Hence the value of achromatic lenses (Fig. 22, a), com- 
posed of a double convex lens of plate or crown-glass, and 
a plano-concave of flint-glass (Fig. 22, 6). The combination 
of these different forms of lenses, constructed of materials 
having different dispersive powers, is found to remedy the 
defects attributable to aberration. In the achromatic 
Fig. 82. glass, the two kinds of lenses are accurately fitted together, 
and united by Canada balsam. In the finest compound microscopes, 
all the glasses are achromatic, and several are combined in one piece. 

27. Compound Microscope. — The compomid microscope is con- 
structed on a diSerent principle from the simple one. In ueitig it, the 
observer does not view the object directly, hut a picture or image of 
the object is formed by one lens or set of lenses, and that image is seen 
through another lens. The lens next the object is called the object- 
glass or objective; that next the observer is the eye-piece or ocuUir. 
The object-glass is generally made of two or three achromatic lenses 
fixed in a tube, as seen at o, in Figure 24, while the eye-piece consists 
of two plano-convex lenses (Fig. 24, E and C), with their flat-faces 
next the eye, and separated at half the distance of the sums of their 
focal lengtiis, with a diaphragm between them (Fig. 24, B). 

28. In Figure 23, a representatioii is given of one of Smith and 
Beck's microscopes, for students. A is the brass stand, supported firmly 
on three feet, and having two upright flat cheeks, to the top of which 

uniei leni of plate-f lui, am) 
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the Btage-pUte, d, U fixed. Into the stage-plate Ib screwed an npright 
round tube, to which is attached an open tiibe, g, in which the body of 
the instniment, /A, elides. By 
moving the body up and down In 
this tube, the coarse adjustment 
is effected, and when the instni- 
ment is brought near to fie ob- b 
ject on the stage-plate, rf, a finer 
adjustment is made by means of 
the screw with the milled head, 
e, which either raises or depresses 
the part by which g is attached 
to the upright tube. The mirror 
is represented at b, supported on 
trunnions, and capable of motion ' 
upwards or downwards, so as to 
reflect the light on the otject 
placed un the stage-plate; c is 
the diaphragm or stop, or perfo- 
rated plate attached to the stage, 

with the riew of shutting off the fib m. 

extreme rays of light. The ob- ^' 

ject-glass or objective is placed at ibe lower end of the instrument, f, 
and the eye-piece or ocular, at the upper part, h. 

29. In Figure 24 a diagram is given to explain the mode in which 
tlie compound microscope acts. In this figure, o is the object, above 
which is seen the triple achromatic object-glass or objective, consisting 
of three achromatic lenses, which are combined in one tube ; E is 
the eye-piece or ocular, consisting of two plano-couvei lenses, one at 
E, being the eye-glass, and the other at G, the field-glass. Three 
rays of light are represented as proceeding from the centre of the ob- 
ject, and three from each end of it. These rays have a tendency to 
proceed so as to form an image of the object at A, but coming in con- 
tact with the field-glass C, they are made to converge and meet at B, 
where the diaphragm is placed to intercept all light except what is 
necessary for tiie formation of a perfect image. The image formed at 
B is viewed as an original object by the oljserver through the eye- 
glass E. 

30, The magnifying power of the compound microscope depends 
on the sum of the magnifying powers of the object-glass and the eye- 
Fig. S3. Smith ud Beck'9 coiojniind micioKope for stqdenta. A, brua nand. nppoTled an thm 

ftet; btip&mr Bqpporled od traimiDni^ r, dupbragm j d, itage-plKtB od which the object it placed^ 

Fig. lU. DUgnm to shew the mod* in which the compoimd mirrucope acts- Of aa object, with 
three nja of light from ita centre, ead three (torn neb of ita endi ; E C, e;t-iiieFe, coniiitmg of two 
plano^amTei Ibuki — Due at E, the eje-glaai^ the other at C, the flc]d.gtui ; B, diaphr^m ] A^ the 
pntnt where ui image would be fanned ir the nfi wen not nude toionFei^ b; thelem C. 
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piece ; and ita power may be increased or diminiahed by a change in 
either, or both of thcBe glasses. It is better, however, to increase the 
power by a change of die object-glass than by altering the eye-piece. 
In the instruments made by Boss, the following are the efi^cte pro- 
duced by different combinalions of eye-piecee A, B, G, and object-gtaases 
of difierent focal lengths, the magnifying power being estimated in 
lineal meatture, or by diametere, as it is called : — 



En- 

PlBCBS. 


OBJECT-GLASSES. 


ainchM. 


Ilnoh. 


ilnch. 


ilnch. 


ilnch. 


tV""-*- 


A 

B 

C 


20 
30 
40 


60 

80 
100 


too 

150 
200 


220 
350 

470 


420 
670 
870 


760 
950 

1200 



31. In the compound microscope there are mechanical parte which 
are connected with the general form and appearance, and there are 
optical parts which determine its value as an instnunent for histological 
researches. In the mechanical arrangements, it is of importance to 
have steadiness, easy means of adjustment, and facility for making 
observations ; while, as regards the optical parts, a flat field of vision, 
clearness of definition, and complete achromatism, are of the highest 
consequence. A magnifying power of 200 or 250 diameters or linear, 
is sufBcient for examining ordhiary vegetable structures. The object- 
glasses may vary from 1^ to J of an inch in focal lengths. 

32. In measuring minute objects, an instrument called a Micrometer 
is used. The ordinary stage-micrometer consists of a piece of glass 
ruled at intervals of j^ of a millimetre, or about ^-^^^ of an inch 
apart. On this the object to be measured is placed, so that both it 
and the lines may be visible at the same time imder the microscope. 
This, however, cannot always be accomplished easily, more especi^y 
under high magnifying powers. The eye-piece micrometer consists of 
a scale ruled on glass, and inserted in the diaphragm of tlie ordinary 
eye-piece of the compound microscope. With this instrument, when 
using a magniiying power of 500 or 600 diameters, we can estimate 
spaces of jjjVjj ** t^t "^ ^^ ^'^'^^ ""^^ tolerable precision. The 
cobweb screw-micrometer, constructed of fine wires or cobwebs, which 
are made to separate from each other by means of a delicate screw, is 
employed for minute obeeivatian, but it is very apt to become deranged 
by the effects of friction causing the screw to wear unequally. In ob- 
servations of extreme delicacy, Welcker's micrometer has been lately 
recommended as the best. It surpasses the cobweb screw-micrometer 
in elegance of principle and in cheapness.* 

* A fUl dHcriplion of it ii girfn iy Dr. BoberUoE in thi Edinbuigti UonUilj Joumo} of Medial 
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83, In making drawings of microBoopic objects, a Camera bicida 
is UBefal, in which, by means of a priem and a metallic speculum, the 
representation of the magnified object is thrown upon paper. In test- 
ing the power of an instrument, certain objects are used, in which 
p^oliar markings occur, which can only be properly seen by a fine 
instrament. Either artificial or natural objecte may be chosen as test- 
objects. The former have been prepared by Robert, a KonigBberg 
optician, and consist of glase plates, on which are ruled, with a diamond, 
syatemB of a hundred lines, which, 10 by 10, approach closer together 
and are finer, according to a definite standard. With most instrumcnte 
only the 6th and 7th systems can be distinctly made out to be com- 
posed of separate lines. Superior instruments reach the 8th and 9th. 
No inBtmment has yet reached the 10th system, with its component 
lines. The best test-objects are the natural ones, as being regalar and 
uniform in their markings, such as the scales of Fodura or Lepisma. 
The cross strife of Hipparchia Janira, a very common brown butterfly, 
can only be seen distinctly by the best instruments. 

34. Vegetable structures, when examined by the microscope, may be 
viewed either by transmitted light, as transparent objects, or by reflected 
light, as opaque objects. In the former case, they are put on shdes of 
thin plate glass, three inches by one, some water is added, they are then 
covered with very thin pieces of crown or plate glass, and the light is 
tlirown on them by the mirror below the stage. Examinations of tissues 
are best made during the day, with the light reflected from a white 
cloud. When observations are made at night, a sperm-oil lamp is used, 
and the light is transmitted to the mirror through a plano-convex lens, 
called a condenser. To correct the unpleasant glare attendant on the 
reflected light from an ordinary mirror, Mr. Handford makes a mirror 
of thin concave -glass, three inches in diameter, the back rendered 
white by plaster of Paris. This is mounted on brass, and fitted over 
the frame of the ordinary mlvered mirror, thus not requiring the latter 
to be removed. The advantage is, that the whole rays reflected from 
the Buriace of plaster of Paris are brought into one focus, together 
with those reflected iroia the surface of the glass, and thus an equal 
and brilliant light is produced. In viewing opaque objects, the light 
is thrown by the condenser directly on the object, and sometimes a 
metallic speculum, called a Lieberkukn, is connected with the object- 
glass, by means of which an additional supply of light is obtained. 

35, When mouDting or putting up vegetable preparations for per- 
manent use, the objects are preserved either in alcohol or a weak 
solution of creasote, and the tliin glass is cemented over them by 
black japan varnish. For preserving microscopic objects, as mosses. 
Dr. C. Miiller takes clear talc, splits it into thin layers, and cuts it into 
oblong pieces of proper size. Then, with a penknife, he spHts one of 
these pieces (from one of the narrow sides) half-way through, so that 
it may be opened to admit the object, and then close by its elasticity, 
tlie unsplit end serving as a holder. A drop of water is introduced 
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into the elit widi the ohject ; when laid aside it driee, and may be 
again rendered fit fur use b^ dipping in water. This does for moBses, 
but it will not answer for minute atructure, which spoils on drying. 

36. Schleiden gives the following method of preserving minute 
structures for the microscope. Upon a glass slide of the common form, 
two narrow slips of paper are gammed, of a thlckneai proportioned to 
the object, and at a distance which is regolated by its size. Be- 
tween these the object is laid in a drop of solution of chloride of cid- 
cium (one dram to half an ounce of water). A thin slip of glass, suffi- 
cient to cover the object and paper-slips, is put on ; the slips are 
gummed, and the thin glass applied to its place, where it is retained 
by the gum drying. The whole may be secured by pasting a long 
slip of paper over all, witli a hole for the object The advantage of 
this method is preventing runntn^ m. Chloride of calcium being deli- 
quescent, never dries np, and, if evaporation takes place, water is 
easily introduced at the open sides of the thin glass. The points to 
be attended to are — I, that the paper between the glasses be thick 
enough to prevent much pressure on the object, and not so thick as 
to allow it to float about or fall out at the side ; 2, that the drop of 
solution be not t«o large, but covering the object, and yet not reach- 
ing the paper. Glycerine may be used in place of chloride of calcium 
in cases where the objects are very delicate, or contain chlorophyll or 
albumen* 



II. CELLS AND CELLULAR TISSUE. 

37. Cellular tissue is generally called Parenchyma, and it also 
receives the names of Areolar, Utricular, and Vesicular tissue. It 
exists more or less in all plants, and abonnds in fleshy roots, stems, 
and leaves, and in succulent frnits. It constitutes the pith and outer 
bark of trees, and the central part of rushes, of the Papyrus (Figs. 25 
and 26) and of the Bice-paper plant. By cultivation, the turnip, 
CM-rot, cabbage, and other esculent vegetables, acquire much cellular 
tissue, wid become tender and succulent. The bladders or cells (Fig. 
40, p. 21), of which the tissue is composed, vary in size. In a cubic inch 
of a leaf of the Carnation, there are said to be upwards of three millions 
of cells. They are frequently seen ysVij: siiji 8^*1 ^Jt^r of •"! "Dch in 
diameter. In some of the Cucumber tribe, and in the pith of aquatic 
plants, large cells, -^ and j'j of an inch in diameter, occur. 
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38. Cells are either Buironnded b^ a, eiinple thin membrane, or 
by thickened walk. The thickening of the walls of cells takes place 
by a depofdt of woody matter on the 
inside, as seen in the microscopic struc- 
ture of the bard shell of the Coco nut taid 
Fiagaba fruit, in the stone of the peach 
and cherry, and in the seed of the Ivory 
and Date palms. Occasionally, rounded 
portions of the cell-wall are left uncovered 
ty deposits, giving rise to the formation 
of Porous, or Dotted, or Pitted cells 
(Figs. 27 and 41) ; while, at other times, 
the thickening matter assumes the form 
of a ring or of a spiral coil, thus con- 
stituting Anmtlar (Fig. 28) and Spiral 
cells (Fig. 29). In Vaucherta, Chsto- 
phora (Fig. 30), and other sea-weeds, 
peculiar reproductive cells called spores 
are met with, having thread-lite fila- 
ments surrounding them, which exhibit 
a vibratile motion resembling that of the 
cilia of animal mucouB membranes. Some 
of these ciliated spores are represented in 
Figures 31, 32, 33, and also in Figure 1, "*' '"' 

p. 2. In Eqxdsetum or horse-tail (Fig. 34], there are reproductive cells, 
which are surrounded hy two filaments, with thickened clavate or club- 
shaped estremities (Figs. 35, 36), which are remarkably hygrometrie, 
and exhibit movements when breathed upon. In Figure 35, the fila- 
ments are coiled round the cell ; in Figure 36, they are expanded. 

39. When formed of cells composed of a homogeneous or uniform 
membrane, the tissue is called Membranous cellular tissue ; when of 
spiral cells it is denominated Fibrous cellular tissue, or Inenckyma 
(from a Greek word signifying fibres, with the general termination 
mchyma, applied to tissue). Elongated cells or tubes, with pointed 
extremities (Fig. 45, p. 23), when united together, form the tissue 
called Prosenchyma. The membranous walls of some elongated cells 
occasionally unrol in a spiral manner. Quekett has noticed this in 
hairs taken from the fruit of Cycas revoluta (Fig. 37), Spiral cellular 
tissue exists in many Orchids (Fig. 38), as Stelis, Oncidium, and 
Pleurothallis ; also in the outer covering of the seed of Collomia 
linearis, and of the fruit of Salvia verbenaca wild clary. The 
spiral cells in the last two mentioned cases, when placed in water 
under the microscope, exhibit interesting movements, owing to the 
solid spiral fibre rupturing the softened membrane of the cell, and ex- 
panding in all directions. In some of these cases, the spiral coils are 
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of a gelatinoDB consisteiice, and lie loo§e in the cells. In Liverworts 
{Figs. 14, 15, p. 12) and other cellular plants, spiral fibres, called 
Elatera, are found in spindle-shaped cells (Fig, 39). 

40. Cells differ in form according to the mode in which they are 
fi^Tegat«d. They are frequently rounded or Bpherical (Fig. 40); 



at otLer times they present angular (Fig. 41) or elongated (Fig. 42) 
forms, such as pentagonal or five-angled, hexagonal or sis-angled, 
prismatic, square, ^iform or spindle -like. When the cells are so 
placed aa to touch each other on every side, the Parenchyma is 
called complete. This is seen in the dodecahedral or twelve-sided, and 
prismatic Parenchyma of pith, and in the fiat tabular Parenchyma of 
the outer corky bark of trees. When the individual cells touch each 

Fig. ^. P&pjnu audgvonun, with duiten of Aaw«rfl hangiag down, llie plant h-u jiKd m 
HucieDt (imH to fiimiib papei- It ii the Bulnuh of the DibLc. and ii called in Helinw Gome. 
Fmnu or pitted and reCicnlated cell from the mittlelo. 

AnnnliiT or nhged cell tma the miatleto. The fibre iniide ia in the form of a complete no^. 
Spinl c^ or cdJ with a apu^ fibre Luide, from en orchid. 
Chtetophora, one of the algs. A. cdlnUr plant componed of cylindrical cejla, coDtaiDinK 
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otber only at certain points, the Parenchyma is incompleU. This 
occurs in the case of ^e spherical and elliptical cells [mermchyma) 
of succulent plants, snch elb the Cactus (Fig. 43), and in the gtellaU or 
star-like cells of the rush, CalUtriche vema and Bean (Fig. 44). Id 
incomplete Parenchyma spaces are left between the cells, which are 




^ n 




either large circumscribed cavities called laamte (Fig, 44), or con- 
tinuous passages called intercellular canals. The spaces between the 



Pig. 3G. Spore i 



moiit italF, with two GUmcnta nOcd mond iL Each Blmneiit 

Fig. Se. The ume ipoK or ctU in the dry >lat«, with tlie fUmnent* nntoUeil. 

Fig. 37- Cjcu lerohita [1 38), i plant Tickling ■ mbnucs like ugo. It hm nskoil ueda. 

Ilg. as. An orchid (ifuUfana) of wBTmdiimates, eantuDiDg ipinl eelli lb iM eompontlon. 

Fig. 39, Slalen, or ipinl Sbm, with iporei or reprtidiietire celli A &, from liTerwort ISlar- 
eAattia). The GbTH are BlsAtic. uid HTTB to icattei the ipora. 

Fig. 40. Cellj of the muifanum, Luee and more or \ai oval or elliptiCBl in Utna, wilb caTitia be. 
tweemomeolthem. The letter* rcTer to the different formi oT npradnetive ceUt, to be Bll«wudi 
noticed^ and the BporoB ue represented above the figure. 

Fig. 41. HeiagoDBl cellDlAT tiine Irom pith of Elder. The cellJ are dodecahedri] and dotted. 
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csells are filled either with fluicU of different kinds, or with aii. Occa- 
eionally the intercelloltu' sabetance asanmee a. thickened or corky 




Tig.«. 

consistence, and iuiit«s the cells firmly ; and it appears ti 

prolonged over the surface of the plant in the form of a cuticiilar 

covering.* 



III. VESSELS AND VASCULAR TISSUE. 

41, The vessels of plants which collectively form vascnlar tisaue, 
may be considered as differing from cells chiefly in their length. They 
are closed tubes tapering to each extremity. Their walls are com- 
posed of the chemical matter called cellulose in a membranous form, 
and they are thickened and altered in various ways by the formation 
of deposits in their interior. 

42. Woody Tusue. — This is comjiosed of thickened tubes or elon- 
gated cells, with conical extremities overlapping each other, as seen in 
Figure 45. The tubes are said to he fusiform or spindle-shaped, and 
the tissue has received the name of Pleurenchyma, irom a Greek word 
meaning a rib, on account of the support which it famishes to the 
stems and leaves of plants. The woody portion of trees and shrubs, 
and of all the ordinary flowering plants, consists m part of this tissue. 
It exists also in the inner bark, and in the veins of the leaves. The 
materials used for ropes and cordage, linen, certain Indian muslins, 
mummy cloth, and mats, consist of the woody fibre of plants from 
which the mora deUcate' tissues have been removed by maceration in 



t\g, ta. ElangBlal cfliiidricBl ceUt of the lilf. 
Fig;. 48. Opnntia TUlgaru, oda or the BacciiJ«nt 
Fig. U. StcUiie or itu-lilc celli nf the Kata, i 



Sevenl of than co 



to the CactuB trihe. 



ID da Cellulea dtg Plnntrs, Ann. da Sc. NM. 8d >e 
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water. Flax or lint is thus procured from the bark of Liniun usitfttis- 
aimum (Fig. 46), hemp from Cannabis sati™ (Fig. 47), New Zealand 
flax from Phormium tenax (Fig. 48), Pita flax called in Sicily Zam- 
barone from Agave Americana, Smi-hemp fiwm Hibiscus cannabinus, 
and baas or bast from the common Lime or Linden-tree. Fibres are 
also procured for manu&ctnre from the Pine-apple plant (Ananassa 
eativa), from Yucca glorioaa (Fig, 49), from Boehmeria nivea, which 
yields the Chinese grass fibre, from most of the plants belonging to the 



mallow and nettle tribes, and from Bome of the leguminous plants, such 
as Crotalaria juncea, which supplies a kind of Bengal hemp.* 

43. The tenacity of different kinds uf woody fibres, as contrasted 
with silk, is given in the following table, by De Oandolle : — 

Silk supported a weight of 

New Zealand Flax, 

Common Hemp, 

Common Flax, . . . . llj 

Pita Flax, 

44. If the maceration of the fibre is carried to a great extent, a pulp 
is formed from which paper is manufactured. In ordinary paper the 

Fig. 4G. Vwdj tissoB or pletmnchjma, conuftjiig of fuBifonn or ipindlc-Hhaped tabu overlapping 
each other. Staatihata th« term proflenchjma iM appLicd. 

Kg, 40. Lmiim uitMuumnm, the Flu pknt, called in Hebrew, Fiihuh, and in Greak, LinoD, 
?ig. ij. CanDllil* ntiTI, the Hemp plint. Stuniiiiferoiii or male flower. 

* Speomeu o( theie, and of maujr other Idsdi of Te^etable Hbrrt, s» dtpoaited in the MuKum oF 
the Edjuburgh Botanic Oaiden. In puticalir, two beantiCnl ipecimeu of Chintse gnH-clcth, made 
from BnehniBiH nJiea, hare been praentcd b; Dr. Clcghoin. 
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vegetable structure is destroyed, bnt in rice-paper, which is not pre- 
pared by maceration, it ia preserved. This can be easily seen on ex- 
amination with the microscope. By a similar mode of examination 
the texture of articles made from vegetable tissues may be ascertained. 
45. Fleurencliyma does not occur in cellular plants, such as 
Mosses, Lichens (Fig. 50), Liverworts (Figs. 14, 15, p. 12), Seaweeds, 
Mushrooms and other fungi (Figs. 11 and 13, p. 11). The tissues 
of these plants speedily disappear under the action of water, and hence, 
perhaps, the reason of their rarity in a fossil state. In the very young 
state woody tubes are delicate, and it is only in proportion as they 
attain maturity that tbeir walls acquire a thick consistence. This de- 
pends on the formation of layers of cellulose, which have received the 
name of lignin or sclerogen. In the sap-wood of ordinary trees the 
woody tubes are thickened in their walls, but are pervious ; while in 
tbe heart-wood they are rendered solid by the deposited matter, which 
is often variously coloured. Some of the fiiUy formed woody tubes, 
wben cut across, exhibit distinct zones or circles of ligneous deposit. 
The diameter of the woody tubes varies from 75^5 to ^^jy of an inch. 



*%.«. Fig.«. Fig. 60. 

4G, Punctated or Due-hearing Woody Tissue. — This kind of woody 
iibre or pleurenchyma is seen in firs (Fig. 51) and other cone-bearing 
trees, when a section is made in the direction of the rays running from 
the centre to the circumference of the stem. It is sometimes called 
glandular woody tissue. The fibres exhibit under the microscope discs 
or large circular dote, which are saucer-like spaces or depreswons on 
the walls of the tubes. They are seen in Figure 52. When two 
woody tubes lie together face to face, the depressions or hollowed-out 
spaces on each of tbem are applied like two watch glasses leaving len- 
ticular cavities, which are sometimes filled with air. When viewed 
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bj tr&nBmitted light under the microBCope, these appear like circular 
discs. The dot seen in the centre of the disc depends on a portion of 
the wall being thinner than the rest. In Figure 53 this structure is 
seen in a magnified form. The walls of the fibres or tubes are marked 



Bg. M. ng. H. Bg. (7. Fig. M. 

pf, the internal cavity of the fibre c f, and the tentdcular cavities c I 
formed between the two contiguous fibres, r m being one of the cellular 

cbAr. LikAothflrCmiifem or Coue-beBrenr it bu paDct&ted 



Fig. SI. PioiU IjlTHtTil, CO 

woody tjaiue in iU «taa md hraicbea. and icuceij 
F^- 53. Fonctated or diic-beariDg irood; Gbre o 
Bg. a. Totial Kctiini of put at tha lUai of i 
(hewilliortheuiiicllbRorwcKidjtnbe. e/iith 
oritia fomuid hj two contigaooB tabn. Thei« 
medoIUry raj. cotuittuig of ccUnlu tiuno pnccedi 

Fig. Mr nitc-bearing woodj tuba of the pine. Smgle ro 
Fig. &G. Thir.beBnng woody tnbcH or tbe pino, with a dou 
Fig. H. Section of thmIi of FiciiB BtrDbiu. Wcysumth 
row cODtiBtit^ of dikci at the uune level, or opponte to each 
Fig. b7. Scftion of wood; tpbu of Annrario, abewing di 



, to ahew the forraaUou of tbe diiet. pfmaila 
mtj of a woody tnb«- e t one of the lenticiilar 
itia qipeai oa disc* bj tnuumitlcd 1^1 r m 
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rays proceeding from the centre to the circtimference, interpoeed between 
the walls of two contignouB fibres. la the caae of aome foBsil woods, 
pieces of silica like doable-conves lenses have been removed from the 
cavities. The discs are in single, double, or triple rows (Figs. 54-67). 
When there is more than one row, the individual discs in the rows are 
either at the same level, that is, opposite to each other (Figs. 55, 66), 
as in the case of ordinary pines (Fig. 51), or they are at different 
levels, that is, alternate with each other (Fig. 57, 58), as in Arau- 



Fig. M. Fig. f&. 

carias and Altingias (Fig. 59). Mr. William Nicol, than whom no 
one has devoted more attention to the structure of wood, was the first 
to apply these characters to the determination of fossil woods. Some- 
times spiral fibres are seen between the discs. Woody tissue with 
discs, but without the central dot, occurs in many plants, as in Wintera 
aromatica (Fig. 60), the plant which yields Winter's bark, Illiciiun 
floridanum, and in some other trees. 

Fig. 6S. 3«dioDa o( woodj tabei of Altjngia eicelia, ihewins donble mwi of diia which ans iilter- 
lutc, each diu being it a diSerEDt tarel ^m that not la it 

Fig, a. Altingia eitelsa, Norfolk Island pine (sfter Hugh Milled, (Bnn a ipedmEn tranjpUjlted 
doling nuiiiiKr into the open ground of the EdinbnrKli Botanii Garten. 

Fig. «a Winw™ anmalica, Wintei'a bark tree, which eiliibits punctattd woodj Hone. 

nt- a. Dotted OP pitted leasela unileii, >a a> to form Bothrenthjnm or 'ftiphreBehjmB, or, in other 
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47. DoUedor Pitied Vascular Tissue. — The vcBsels, or, as they are 
often called, Ducte, forming this tissue, are usnallj contimious tab^ of 
a larger Faze than the other veBsels of plants (Fig. 61), and presenting 
often broad oi oblique extremities in p1ac« of pointed ones like other 
vessels. Their dotted or pitted appearance, as seen in Figures 61 and 
62, depends on the mode in which the encrusting matter or cellulose 
is fonued inside. In place of being deposited equally over the whole 
surfece of the membrane, as in ordinary woody fibre, it leaves rounded 
uncovered spots at various intervals, and these, when viewed by trans- 
mitted light, appear &om their thinness to be perforations or holes. 
Hence, the name Porous, which is often applied to these vessels. In 
old dotted ducts it is occasionally found, that the thin membrane of 
the dots or pits has been absorbed, and actual peribrations have taken 
place. Dotted vessels frequently exhibit contractions at intervals, 
^ving rise to a jointed or bead-like appearance. In such cases, as in 
Figure 62, they are seen to be formed of dotted cells placed end to 
end, with the partitions between them obliterated, bo as to form conti- 
nuous cylindrical and sometimes branched tubes. In the Elm and Lime 
the dotted ducts have sometimes spiral fibres rami^ing between the 
dots.* The membranous walls of dotted vessels sometimes unrol in 
a spiral manner. Dotted ducts are found in large quantity in the wood 
of trees, and they constitute the lat^ rounded openings which are seen 
in the transverse section of the stems of oak, poplar, willow, &c. They 
also abound in the bamboo, (as seen in Figure 12, p. 11, 

where the porous vessels are distinguished by their large 
round apertures), and in other plants of rapid growth. The 
names of Bothrenckyraa and Taphrenchyma, given to this 
tissue, are derived from Greek words signifying pits. 

48. Spiral vesseh form the tisaue called Trackenchyma, 
on account of its resemblance to the trachese or air-tubes 
of animals. They are tubes tapering to each extremity, 
and having their membranous walls strengthened by the 
formation of elastic spiral fibres within (Fig. 63), They 
vary from ^^^^ to ^^^ of an inch in diameter. When 
lying together the vessels overlap each other at their ex- 
tremities (Fig. 63), and occaraonally, by the absorption of 
the membrane, perforations of their walls take place, so as 
to establish a communication between two contiguous tubes. 
The fibres are usually rounded and ^mple ; but sometimes 

two or more are combined, as seen in one of the vessels ^t- '^• 
in Figure 63, so as to form a flat band. These flat ribbands, con- 
sisting of fibres which vary in number from 2 to 25, or more, are 

Fig. 63. Spiral veuels takeo from the melon, shewing tbe elafltic ftlinfl uncoiled, end lh« tbokIs 
orerlapping nt their pwnled eitremitiea. Th«e leneli farm the tiuue called TrachendiinDe. The 
general njuue of Angienchyina being given to aU kiudi of vaicular tiime. 

* Uohl, nir U Stmcture des Vutieaiu Fondn^i. LiDOSB, IMS, p. I. Ann, dei Sdtncei HU. 
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SPIRAL VESSEL OR TRACHENCHTHA, 



met with frequently in the stems of BaoanaB (Fig. 64) and Plantains, 
and in the shoots of Asparagtis. The spirals in such cases are called 
compoimd. The spiral fibres hare such tenacity, that when t^e vessels 
are ruptured they can be pulled out and separated from the inside of 
the membrane. This capability of being unrolled characterises the fibre 
of tme Bpiral vessels. On breaking the young shoots or leaf-stalkB of 
the (Jeranium, Strawberry, and Rcme, or the leaves of the Hyacinth, 
Amaryllig, uid Banana, and pulling the parts gently asunder, the fibres 
can be easily seen in the form of a fine cobweb. When the aerial stems 
of the Banana (Fig. 64) and Plantain are cut across, the spiral fibres 
may be pulled out in large quantity so as to be used for tinder. 
The fibres of Musa textdlls, a Idnd of Pltmtain, are used in manufac- 



ture. The coils or volutions of the fibre are said to be in general left- 
handed. In the garden lettuce vessels are met with, some having 
the fibre turning to the left, others to the right. In the scarlet bean 
the coils of the fibres are lefUhanded, while the plant itself turns to the 
right in twining. Spiral vessels are abnndant in young plants and shoots, 
while in the hard atems of trees and shrubs they chiefly surronnd the pith. 

Fig. M. Aerinl itera of Bbiwib I JTwa tapintum), formed b; iheaUimg 1«t«. The proper lion ii 
nhtemneui, ud tbe bUid ihewn in the Spat ig n ahuot tent op, baiin; ]«ieb and tnit, lai then 
Aeayiagj ta gire plice ta another ibont. The duster of fmit iB leen mt the Uip. The extremity of 
the clatter ii abortiTe^ the Bawea at the baee of the ttalk bearing fruit. The plant eontaini nnme- 
roiiB Bpiral veHBelB, aonie of them having flat ribhanda compoeed of numerooB fibrei combined. Socli 
*e«K]i heing called Pleiotrachea. 

Fig. 86. Veucl parti; ipiral and parti; annnlir, talien from the melon plant. In the middle of the 
Tcael a complete flhrona nng lb seen, while the fibre at the cndj it Bpiral. The ring is formed bj a 
breaking ap of the Bpiral coiL 

Fig. 06. Ad annnlat leaael taken fmm the melon plant The ring) of flbre are complete. 

Fig. 87. Vetiel parllj annnlar and partly reliimlated, taken from the meh™ plant. Some i ' ' 



to form doU and reticnlaCionE 
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49. Modifications of Spiral Fessefe. — The spiral vessel is the type 
of what is called \iiB fibro-vaseular tissue, or that tissue which is com- 
posed of vessels having membrauouH walls strengthened 
by fibres of some sort. In their perfect condition the 
vessels have a complete spiral or cork-screw-like coil 
inside, which is elastic, and can be unrolled. In diffe- 
rent plants, however, and in different parts of the same 
plant, the spiral vessel nndei^oes certain modifications 
and changes. Sometimes, as in ferns, the spiral fibre 
becomes united to the membrane, so that it cannot 
be unrolled. This constitutes what is called the closed 

k spiral. At other times the fibre is broken up into 
I rings, reticulations, bars, or dots. These changes take 
' place in the progress of growth, and their various 
Fig. 68. stages may be traced in the vessels of such plants as 

the garden balsam or melon. In Figures 65, 66, 67, are seen the 
transformations effected in vessels. Thus, in Figure 65, there is a 
complete spiral fibre, which in the middle of the vessels is interrupted 
by the formation of a fibrous ring ; in Figure 66, the fibrous rings are 
uniform throughout, while, in Figure 67, some of the rings are com- 
plete, and others are broken up into lines or dote. Annular vessels 
are those in which the fibre is in the form of rings (Fig. 66). These 
rings in Mammillaria quadrispina, and in some otiier plants of the 
Cactus tribe (Fig, 43, p. 22), are very deep, and leave only a small 
hole in the centre of the vessel. Annular vessels are from gj^j to 
f^ of an inch in diameter. Seticulated vessels have interlacing 
fibres on the membrane, as seen in Figure 67, while in Scalariform 
vessels (Fig. 68), the fibre is so broken up as to appear in the form of 
bars or lines like the steps of a ladder, whence their name. The 
entire waUs of some scalariform vessels are capable of 
being unrolled in a spiral manner. In Ferns (Fig. f 
69), we meet with scalariform vessels which assume 
a prismatic form. In place of lines, the fibre is in 
some insttmces so broken up a« to appear in the form 
of dots or opaque points. The appearance of bars, r 
dote, and reticulations, may eometimes be traced not ^\ 
to a thickening of the membrane by means of fibres, s) 
but to an actual thinning of the membrane, such as \3 
has been already noticed in the caee of dotted ducte. v 

50, Latidferoua Vessels. — These vessels, as seen * 
in Figures 70, 71, consist of long branching tubes ' 

or passages, having a diameter of about -jj^fj of Fie.m. 

an inch, forming, by their union, an anastomosis or net-work, like 

the veins of animak. They receive their name from containing 

Tig. K. ScBlariibriD tn ladder-like tcbkIi of tne femt. The fibre a in Uie farm Dl bus or lina ; >ud 
Fig A9. Mh;fiiimFilii-fiein!iiB,aBntiihfen]. FernimnlsiBicalQhfonntuuliiiii their compotition. 
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a fluid called Latex, of a granular nature, often milky or coloured, 
and well Been in the India-rubber and Gutta Fercha plants, the 
Mudar plant, the Cow-tree (Fig. 72] Spurges, Dandelion, Lettuce, 
Chicory, and Celandine. Many of theee fluids contain a large quantity 
of caoutchouc ; some of them are blond and nutritiouB, as that of the 
Cow-tree ; others are narcotic and acrid. The Latex exhibits move- 
ments which have given origin Ut the name Cinenehyma, or moving 
tissue, applied te La,ticifeTous vessels by some authors. The motions 
have been particularly described by Schulti,* and will be afterwards 
considered under Physiology. When fiilly formed, the vessels of latex 
exhibit in their course contractions and dilatations of an irregular 
kind. They are considered by some as composed of cells placed 
end to end, with their partitions more or less completely absorbed ; 




rig, 70. Fig, 71. lig. 72. 

while others consider them as intercellular passages lined with a mem- 
brane. These vessels are found especially in the bark and leaves of 
plants. 



Ke Carucag {GaUtctodendroti 



id milLj fluid whicli ia 



li ToL or the Nova AcU Aaidemiie. Cnnr. Ij»|iDld.-CsniL Nstus 
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CELLULOSE AND LIGNIN. 



IV. CONTENTS OF THE VEGETABLE TISSUES. 

51. It ie not proposed at this place to give a full acconnt of the 
substances which are found in the tisanes of pltmte, but amply to notice 
a few of the more evident contents of cells and vesselB, or those which 
the student is likely to obserre in his examination of structure. The 
details as to the organic and inorganic constituents of plants, and the 
mode in which they contribute to the nutrition of planta, will be given 
under Physiology. Some substances are found generally in the cells 
and veeselB of all plants, while others are very limited in their distri- 
bution. To the former class belong cellulose, lignin, starch, gum, 
sugar, oils, colouring matter, and certain nitrogenous and saline com- 
pounds ; to the latter belong alkaloids and certain special secretions. 

52. Cellulose is an eeeential part of the structure of cells and vessels. 
It is in many respects allied to starch, and is changed into starch by 
the unaided action of beat, or by sulphuric acid, or caustic potash. 
When iodine is applied to it, it becomes yellow, and if sulphuric acid is 
added, a blue colour, like that of iodide of starch, is produced.* 
Cellulose was long conudered as peculiar to vegetable tissues, but it 
has been recently detected by Schmidt,t LBwig, and KSlIiker, in the 
tunics of ascidia and other molluscous animals. The thickening of 
the cellular membrane is accomplished by the deposition of layers of 
encrusting matter, to lyhich the name of Sclerogen or Lignin has been 
given. This substance may be looked upon as a modification of cellu- 
lose. It is frequently seen in the form of distjnct concentric layers, 
which vary in their composition in different circumstances. The hard 
cells in the stone of the peach, and in the shells of other fruits and 
seeds, consist of cellulose, with deposits of lignin. So also woody fibre, 
the encrusting matter of which varies in hardness and colour in different 
trees and shrubs. The spiral threads, rings, and bars, in the mem- 
brane of cells and vessels, consist apparently of two layers, one being 
cellulose, the other woody matter. Cork is a nitrogenous substance, 
which, next to cellulose, according to Mitecherlich, J is the most 
important constituent of the cell-wall. It occurs in a marked degree 
in the outer bark-cells of many trees, and it is also found in other 
plants, such as in potatoes. In the latter the cork-cells do not contain 
starch, and they are thus distinguished, as well its by chemical proper- 
ties, from the cells made up of cellulose. Cellulose, corky substance, 
and fatty matters, seem to he found in the same cell ; and when the 

* For B fnll acanuA of the chemicKl nstore oF ceUnloie snd ather BabstanHa entenag [nUi the am- 
poflitioD ■>f Blsneiitarj ^udh, lee Kohler'a Chfimiatrj af Oc^Bnic Bodies, troiitlated bj Frmcberg, 
34T-4BS. For the nature of the ceU-nlla, see Uohi on the Slructun ot Uie Tegetable C^l, to Tsy lor'a 
Sdenliflc HsniDin, toI. Iv. p. 91. Hohl od CellukK, Bot. Zeinui;, tS47. Ano. des Satart KU. 
3 aeritv Botiniqiu, torn, riii, p. 240. ALsn Onindiugs der AnM. dc Veg. Zellc, 1861. Sehulis itiites 

t T>;kii's Scicnlinc Memoin, rol. v. p. 1. 

X See Reports oF the BerUn Aoidem; for March 1S50. p. 103. .tun. der Chpni, unil Flinrni. tom. 
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32 VABIOUS KINDS OF STARCH. 

celliilose has been absorbed, the corky robstance alone remains. It 
forms the outermost part of the cell-wall, and uniteB the cells together. 
53. Starch is one of the substances found in great abundance in 
the cells of plants where it is stored for the purposes of nutrition.* It 
ie not found in animal tissues, although a subsUnce isomeric with it is 
stated to have been detected in them by Gottlieb. A distinguishing 
character of starch ia the blue colour which it assumes on the ad- 
dition of iodine. It occurs in fine grains, more or less oval or 
rounded, which vary in diameter from the 4000th to the 240th of an 
inch. The individual grains either lie distinct Irom each other in the 
cells, as in the potato, wheat, and peas (Fig. 73), or they are aggregated 
so as to form compound grains, as in West Indian Arrow-root, and 
Portland Sago procured from Arum maculatum. Grains of starch fre- 
quently present at one end a spot called the hilum, which is seen in the 
grains given in Figure 73. It is a concavity or nucleus over which 




Kg. 73. Kg. 7*. ng. 7». 

I layers have been depomted, giving rise to the striated 
appearance seen in potato starch. Starch is accumulated in the in- 
ternal, and often in the subterranean parts of plants. It occurs 
aband^antly in fleshy rmts, and in stems, as well as in seeds and fruits, 
and is easily separated by washing. The ordinary cultivated grains 
yield starch in considerable quantity, so also the Potato, Arrow- 
root and Cassava plants, the Sago-palms, and Banana fruit (Fig. 
74). That procured from the Arrow-root plant (Martuita arundinacea), 
con^Bts of dull white grains, while that from the potato, and from various 
species of Cauoa supplying tous-les-mois, is in the form of large shining 
particles. Sago and Tapioca are granulated forms of starch, the for- 
mer being procured frvm the cells of various species of Sagus and 
Metroxylon, the latter from the Cassava plant. The existence of starch 
in the bark and young wood of trees, such as the Birch and Fine, 
render them useful as articles of fcK)d in cold countries. Licbenin is a 
form of starch existing in the cells of Iceland moss (Fig. 75), and 

Fig. 79. a SUccb cdli of the pCB, growing gndm of atarcli ia Ilie iotEiior. 6 SepmCe itudi 
gnuuB, with Htriffi and hilam. 

Fig.T4. Cluster of Buumu. The [niit amlaiiis mochatuch. 
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other lichenB; while Inuline is the Btarchy matter supplied hy the 
roote of the Dahlia, Dandelion, and Elecampane. By the action of 
prolonged heat, as well as hy the addition of diluted sulphuric acid, and 
of malt, Btarch is converted into a Bolnble gammy substance called 
dextrin. The same change we shall find occurs during germination 
or the sprouting of the seed. 

54. Oum is another substance contained in vegetable tissues. When 
pure, it is clear, soluble in water, and also in dilute acids, but not 
soluble in alcohol or ether. It is one of the forms through which vege- 
table matter passes in being applied to the purposes of plant life. It 
exists largely in the vegetable juices. From the bark of many trees it 
is procured in the form of an exudation. Two well marked kinds of 
gum are met with : Arabine, soluble in cold water, constituting the 
chief ingredient of gum-arabic, procured from various species of Acacia 
(Fig, 76) ; and Cerasine, insoluble in cold water, and readily soluble in 
boiling water, constituting the gummy secretion obtained from the 
cherry and plum. A substance, called Bassorin, or vegetable jelly, ia 
found in Tragacanth, the roota of some Orchids (Fig. 77), as well aa m 
Carrageen (Sphterococcus crispus), and other sea-weeds. It is allied to 




gum, but differs in swelling up and becoming gelatinous when mixed 
with water. Another jelly-like substance called Pectic acid exists in 
the juice of turnip, beet, and carrot, as well as in the apple and pear. 

Fig. 70. Aocii Seji], ooe of the tren jrieldiDg gnm-ubic, C u H 1 u. It ii tbe ShiCUh tne 
mdShiltimwoodiiftheBfble.— Eif>d.iir. Simr.1, 14. Igaiili ili. IB. 

Fig. 77. Boot! of ui orchil, which Buppljr hanoriD, a kind of gum. The solep of the Tniks ii pn- 
CQied from thtm. 

Yig. 78. Suchanimofndaaraiia,then^u-ane,agrui whichcoDtBiDtiDDChfacchBriDembttBTinitt 
cell! mi tshbIm. The nigai it fDrniiha ig oiled cane mgv, C" H^l OH. The ilalkofthe angai- 
oiDK i> called a culm. 
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34 SUGAR— NUCLEI — CHLOROPHYLL. 

55. Sugar occurs abundantly in the sap of planta. When pure, 
and in a solid state, thie substance is cryBtalline, and soluble in water. 
It occurs, however, in an uncryBtallisable form. There are two marked 
varieties of it. Cane sugar, procured from the sugar-cane (Fig. 78), 
ffligar-maple, beet, carrot, and many other planta ; and grape-sugar,* 
occurring in numerous fruits, as grapes, gooseberries, currants, peaches, 
and apricots. During the sprouting of the seed, starch is converted 
into grape-sugar, and a similar change is induced by the action of 
malt, and of any ferment, A sweet substance (not a true-sugar), 
called Mannite, is procured from the Manna-ash, as well as from various 
sea-weecU, &om species of Kucalyptus, and from the Dandelion. 

66. The substances which have been notieed aa occurring in the 
elementary tissues are important as organic products concerned in the 
growth and nourisbment of plants, and tbey will call for special con- 
sideration when we treat of the functions of the living vegetable. Some 
differences of opinion esiat among chemists as to their exact atomic 
compoution ; it is sufGcient at present to notice that they all consist of 
a definite pro[x>rtion of carbon, united to oxygen and hydrt)gen, the 
elements of water. They are convertible into each other by the action 
of heat, and of variims chemical re-agents, and by the powers of vege- 
tation. The ultimate composition of several of them is identical, and 
the difference of their properties, in such instances, seems to depend on 
differences in the arrangement of their atoms. 

57. Another class of substances, found in the tissues of plants, and 
essential for the process of vegetation, consist of carbon and the ele- 
ments of water, with the addition of nitrogen or azote. Hence, they 
are called nitrogenous or azotised. They occur abundantly in the 
gluten of wheat flour. Schleiden includes them under the general 
name of vegetable mucus. The chief substances which ent«r into the 
composition of this nitrogenous matter are albumen, fibrine, caseine, 
legumine, and emulsine. 

58. Nuclei. — The cells of plants, at some period of their existence, 
usually contain what are denominated nuclei or cytoblaste. The 
nucleus is a email rounded body resembling a minute cellule, which is 
either loose or attached to the walls of the cell containing it. It is 
seen in Figure 42, p. 22. It frequently contains smaller bodies called 
nucleoli. The nucleus has an important function to perform in cell 
growth, as will be noticed under cytogenesis or cell-development, and 
after a certain period it frequently disappears. 

59. Chlorophyll and Colouring Matters. — Chlorophyll or Pbytocblor, 
is the matter which gives the green colour to plants. It is a coloured 
fatty or was-like substance, which may be separatsd by the action of 
alcohol and ether. The green colour is associated with globules of 
various sizes, which are either free or united together. The globules 
of chlorophyll can be seen under the microscope in any of the green 
parts of plants. In delicate structures, sucb as the cellular tissue of 

' Tlie fominLa for Dry Gnpe-iugir U C » H l> O ■'. 
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moSBes and liverworts, they are easily examined.* The colour i§ 
only produced under the action of light ; hence chlorophyll ezists in 
the superficial cells of the parenchyma, thus differing from starch, 
which is produced in the int^roal and subterranean organs, whence light 
is excluded. It undergoes changes according to its state of oxidation ; 
hence the tints which the green leaves acquire in autumn. There 
would appear, therefore, to be a colourless chlorophyll present in plants, 
which is acted on by light, osygen, and other agents, so as to give 
rise to green, yellow, and red tints. Schleiden says, the yellow leaves 
in autumn contain proportionately more wax than the green leaves of 
summer, the yellow rind of the ripe fruits more than the green rind of 
unripe fruits. The tints of flowers depend either on variously-coloured 
insoluble globules, which are considered to be of a nitrogenous nature, 
or on soluble substances which have not been fully examined. Colour- 
ing matters not green are included under the name of Chromule. 

60. Oily, Fatty, and Resinous Matters. — These are contained in cells 
and in special canals and cavities, called receptacles of secretion. The 
oils are either fixed or volatile ; the former being divided into drying, 
fatty, and solid ; while the latter are distinguished according as they 
consist of carbon and hydrogen alone, or of these elements combined 
with oxygen or with sulphur. Resinous matter occurs either in the 
form of fluid balsams, or of the various kinds of solid resin and pitch. 
In the rind of the orange and lemon, 
receptacles of oil occur. These are ; 
represented m Figure 79, which is ,( 
a vertical section of part of the rind ' 
of the orange, the reservoirs of vola- ■ 
tile oil being marked h r e. The 
cellular tissue of the rind is seen sur- ^*' ™' 

rounding the oil caviti^ and the cells are elongated and condensed, 
BO as to form a compact tissue in the walls. Turpentine canals are 
met with in the bark of Pines ; and Vitt*e or oil-canals, in the fruit of 
umbelliferous plants, such as the Coriander (Fig. 80). In the fleshy 
covering of the fruit of the Olive (Fig. 81), there are numerous oil- 
cells. The fruit of the Guinea-palm (Fig. 82), yields a solid oil called 
Palm oil. The dotted appearance of the leaves of the orange, myrtle. 
Eucalyptus, and St. John's wort, depends on the presence of numerous 
cells or cavities containing essential oil. 

Hg. 70. VerticBl kcImd of part of the risd of th( onDge, iltowiug iFcepladea of coUtae oil, B B B 
rarrannded by Fells. 

* Orv«a veaidH or giBiiiile^ alLird to chloropliyll, wt found in Ui« parendiyma of th« Imdy of 
Bjitt viridii, o( many Turbelliriag (HypoMomimi ciride, and Typhloplaiia viridata), BEd lufuioril 
(Englena viriiliB, Slenlor poljmorphiu. Bunaria yemalii, loiodej Bnnaria). What has been called 
Uh red eye in man; inhuoria, by Ebrenberg, is coD^ered bj Nie^ ai an alteied state of the 
chlarophjU, whieh ii eonverted into i red oil. In many nnieeUulat alga, ai Fnilocortni nivalia, Pleu- 
Tocaocni miniatui, and FalTQella nuniata, tlie Ehloraphyil ditappean completely, and ii converted into a 
red or orange oil. Niegeli, Gatiungen eintelliger Algep piiysiol. und systcnut. bevbeit, Znrich, 
ISlfl, Alio Siebold, Obiervitiona mr le> plrales et lea anioBui nnicellnlairea. Ann. del Seiencei 
Naturdlei, t aerie, Botm. 1. lii. p. 138.— For remarki an ChlorophyU, kc MoU's paper ' Sur la 
Chlorophylle,' Ann. del ''c, Nat, M ser.Bot.ii. IE". 
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36 CAOUTCHOUC — AIR-CAVITIES. 

61. As allied to these secretions, we ma; notice Caoutchouc, which 
is found in the milky jmce of plants, especialiy those belon^ng to the 
Fig, Spur^, and Dogbane orders. The trees most prolific in this sub- 
stance are, Siphonia Caoutchouc, Urceola elaetica, and Ficus elastica. 
Of these, the first extends over a vast district in central America ; and 
the caoutchouc obtained from this tree is best adapted for manufactures. 
Over more than 10,000 square miles in Assam the Ficus elafitica is 
abundant. The Urceola elastica (which produces the Oumtowan of 
the Malays) abounds in the islands of the Indian Archipelago. It is 
described as a creeper of bo rapid growth, that in five years it extends 
200 feet, and is from 20 to 30 inches m girth. This tree can, with- 
out being injured, yield, by tapping, from 501ba. to 60 lbs. of caoutchouc 
in one season. A curious contrast is exhibited in the tardy growth uf 
the tree from which gutta percha ia obtained, and which requires from 80 
to 120 years to attain maturity. Gutta percha is the produce of a sapo- 



Hg. so. Kg. SI. 

taceous plant (Isonandra gutta). Wax is also found in the tieeues of 
plants, and it frequently occurs as a secretion on the stems, as in the 
Wax Palm (Fig. 83), and on the surface of fimta, as in the bloom or 
glaucous eecretbn of the plum and the candlebeny myrtle. 

62. Air-Cavities. — Cells and intercellular spaces containing air are 
found in many aquatjc and marsh plants, apparently with the view of 

Kg. 80. The CoTiBndD plait {CMsrulniHulitiiH). tbe frnit of wbich uUbiU litis, or caritju 
(nnlaiiiiiit volatile oi], Itii tbe6adDrScr^ltu«(Eiod.im.S1i Nun. li. 7), 

Kg. 81. His Olin t»« ((N« mnpu), the tniit of which jickb a tied oU b; dproBoii. It ii 
tbt Zail or a«il of the Scriptnrei (Gen. vii[. 11 ; I Kinp ri. K, 8w.) 
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rendering them buoyaDt (Fig. 84, V). Id Bome caeeB they are regular 
in their formation, being surroianded by cells which are built up on a 
uniform plan in each species of plant, as in Pondwoeds (Fig. 85, I). In 
other instances they are formed by the destruction or absorption of part 
of the cellular tissue, as in the case of many hollow stems. The air-cells 
in Limnocharis Plumieri, are beautiful objects nnder the microscope. 
63. Raphides or Crystals. — Cells and vessels also contain various 



mineral and organic acids, combined with alkaline substances. The 
most important of these acids and alkalis will be noticed when con- 
sidering the chemistry of vegetation, and the products furnished by 
different natural orders. ' 

At present we shall con- 
sider the composition of ' 
certain crystalline matters ' 
found in cells, to which : 
the name of Raphides has 
been given. These are 

present in greater or less ng. sa. 

quantity in almost all plants. They consist of oxalic, phosphoric, 
malic, sulphuric, and carbonic acid, in combination with lime, and 
they exhibit various forms. Crystals of phosphate of lime occur 
usually in the form of acicular crystals, varying irom ^'^ to 7^55 of 

Fi|^. BS. Elaii OaiaeeiiiiB, b pnim growmg in QnmeQ. Uic Tniit at which jields tht ulid oil cBllfd 
Fig. 83, Ceroxylon AnilicDla, the Wu FAlmnf SODCh America. Tt aupplieiwai. lUHteiaig csUcd 

Fig. 84. Fnnit VHimloeas, b ccmmon sea-weed, ihowing T«lic1« or bladder V, mi ot air. F, £, 
the cellulu ^od ; T, Ihe ^chSotiDn. 

J\g- 66, Vertictl Bection of the le&f of FotAraogetou or Fondweed, showing aji earitio or luuDie, I, 
and parenchTiiutoiuceUt,}!. withgnonlea. 
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raphides 
may be 



I length (Fig. 86, b) ; to these the name of needleg or 
■aa originally given. Cells with chiBtere of raphides 
;en attached to the divitrions between the cells in the 



Banana, CryatalB of oxalate of lime ( 




Kg. 86. 

and vary fcom ^ to gj^ of an inch in length (Fig, 87). They 
are abundant in the root of Turkey Rhubarb, to which they Im- 
part grittineas, and in the Old -Man- Cactus they constitute GO-80 
per cent, of the dried tissue. In other species of Cactus (Fig. 
88) they frequently occur. Professor Bailey 
etates, that in a square inch of Locust-bark, 
about the thickness of writing-paper, more 
n a million and a half of these crystals 
are found. A good way of shewing the 
crystals is to boil in water a piece of Rhu- 
barb root, or a part of the frond of Ence- 
phalartos pungens (Fig. 89), till the cohe- 
Non of the tissue is destroyed, and then the 
separated cells will be seen, usually conttun- 
ing each a cluster of raphides, as in Figure 
87. The squill bulb (Fig. 90), and the bulb 
of the onion, exhibit raphidian cells, which 
Tig. 90. are easily separated during the decay of the 

In a single cell of the Poke (Phytolacca decandra), twenty li> 




plants. 



FL(. S6. can at Bmaex, c, 



DDtunln^ fltarch and niihidiui cella. 

rhirh eillibitfl ceUa coulaining Ibt^ rryftfllfl. 
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thirty cryBtale may be seen. Clustered ctyetals are also visible in the 
celb under the epidermis of the Marvel of Pern, Sulphate of lime 
occurs occasioQally in the form of a single or double octohedron, or in a 
tabular shape. Carbonate of lime crystals, in the fonn of rhombohed- 
rons, occur in species of Cycas {Fig'. 37, p. 21) and Cactus. Some 
raphidian cells are called biforines by Morren, because, when moistened, 
they discharge the crystals through openings at each end. It is said 
that raphjdes may be produced artificially in the cells of rice-paper by 
introducing lime into them in solution under the air-pump, and after- 
wards putting them in a weak solution of oxahc or phosphoric acid. 

64. Siliceous matter occurs in the walls of cells, and enters into 
their composition. This is the case with grasses and horaetMls (Fig. 
34, p. 20), and, in a remarkable degree, with those peculiar organisms 
supposed by Ehrenberg to be infiisoria, but now referred to the vege- 
table kingdom under the name of Diatomacete. 



65. Recapitulation of the Elementary Tissues of Plants : — 

1. CellB, Tegicles, or UUicles, con^st of minute sacs or bladders of variouB fonos and 
sizee, having tbxii wtiHi coraposed of cellulose. 

3. Membranons Cells have thin walls, and coauin a (onnative protopUnn in their 

interior, ■witti nudei and nncleoli. 

5. Thickened Cella, have their walls composed of eeveral uniform layers of ligneooB 

matter, trhich is often vtxy hard, and fills up their cavitjea, 

4. Dotted or Fitted Celts, have thek walls irregularly thicliened bo as to leave Dumeraua 

roonded thin portions. 

6. Spiral Cells, have a spiral fibre coiled op in the inside of Ihoir walls. 

6. Cells contain aUrch, gum, aogar, lignin, oils and ndns, nuclei, chlorophyll and other 

cDlonring matters, air, raphidcs or crystals, and nitrogenoos substances. 

7. Cellalar Tisane, composed of various ceUs united. 

a. Parenchyma, made up of membranoos or thickened cells. 
h. Inenchyma, or Fltno-cellnlar Tissue, made up of spiral cells. 

8. IntercellDlac Spaces and Canals, are cavities between the cells of cellular tissue. 

They cont^n fluids and air. 

9. Vessels are dosed tabes of difi^rent lengths, often tapering to each end, and overlying 

each other, having their walls composed either of membrane alone or of membrane 

and fibre. 
lU. Hembranons Vessels are thin-walled tubes, having their walls composed of raembrane 

only, as laticiferous vessels. 
11. Thickened Veasels are tabes, the waUs of iriiicb are composed of several layers of 

Ugneons matter, as woody vessels. 
13. Dotted or Pitted Vessels, are tubes having thek vti\a unequally thickened, so as to 

have numerous round thhi portions. 
18. Ffbrons YesBels are tubes having a spiral fibre more leas complete coiled up in their 

interior. 

a. Spiral Vessels, with a complete spiral fibre, usually unrollable. 

b. Annular Vessels, with rings of fibre. 

c. Scalariform Veasels, with bars of fibre. 

d. Reticulated Vessels, with irregular netted fibres. 
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b. BotfaranchTiiii or Taphrenchrnu, tiegiie compoMd <rf dotted or pitted Teasels. 

e, Tnchenchyma, tiuo* compe«ed of ipinl or uiniiUT reeeele. 

d, CineDchjma, Uaso* compoetd of saaatoaioeuig Utidferoiu veswla. 

66. LUt of a few of the plants which iag.j be need hy the student in 
his examination of microscopic vegetable tiBSues. Preparations of 
most of these are preserved in the Museum of the Edinburgh Botanic 
Garden : — 

1. CtUt and CdbUar TVutM. — Sea-weeds ; Rice-paper ; IndependeDt cells, irith nnd^ in 
7eMtp1aiit(TaniLiCereTiatn); cella with nuclei and nucleoli ia ripefrnitDTsbaw- 
berry, in the ODtOD bulb, and in ovules or very young seeds ; cells united in a 
linear series in cominon moold, conferrn, and many hairs j branching cells in 
many hairs, and in some moulds, as Botrytis ; cells united in fours in poUen of 
Acacia, and In some spores of aea-veeds ; cells thickened by deposit of ligniu in 
the aliell of the Coco Dut, and Attalea tbnifeta or Kafaba palm, in the stone of 
the peach, cherry, and DUt, in the seed of the Ivory Palm aod Date, in the gritty 
matter of (he Pear ; cells with ailiceons covering Id IHatomaces. Porous cdla in 
Elder pith, in stem of common garden Balsam (Bolsamina horten^), in the aut« 
covering of the seeds of Gourd and Almond, in the wing ot the seed ot Lopliospei- 
mnm enibescens and Calempelis scalMr. Spiral cells in leaves and stems of many 
orchids, as Oncidlum and Pleurothallis ruscifolia, in garden Balsam, in the lesf of 
Sphagnum, the fructification of Liverworts, the winged seed of Spbenogyne 
speciosa. Amiular cells in Opuntia. Filamentous cells in Mushrooms andAgarics. 
Hexagonal cells in pith of Elder. Stellate cells in Rush. Ciliated moving cells 
in Vaucheria, Fuci, and Chara. Professor F. Schnlze of Rostock, stales, that by 
means of nitric acid and phosphate of potash, the cells of plants, young or old, 
hard or soft, may be perfectly isolated from one another, so as to give single cells 
free and distinct for microscopic examination. 

2. Vaieli and Vaicalar TtMiae.—'Woody tissue in the stem ot ordinary trees ; the fibres 

may be separated t^ maceraUon from the inner bark of the Hemp-plant, Flax- 
plant, Elder, Kew Zealand Flax, Mallows. &c. Disc-ttearing woody luaue in 
Scotch Fir, Weymouth Pine, Anacarla, Altingia eicelsa, Cycas, Winter's boi^ 
tree, niiciom. Dotted Vessds in Stem of Willow, Sugar-cane, Pitcher plant. 
Spiral Vessels in Oncidimn bicolor. Banana and Plantain, most liliaceous plants, (as 
Hyacinth, LQy, and Crinnm) leaf of Grenmlum and Strawberry, Cabbage, Lettnce, 
Asparagus shoot ; branched sph-als in Long-leek and Anagallia. Annnliir vessels 
in Opontia vulgaris. Leek, Equisetnm Telmateio. Reticulated vessels in garden 
Balsam. Scaloriform vessels in Tree Ferns, Diptazium seramporense, A^enium 
pubesoens, Osmonda. Laticiferous vessels in various species of Ficus, as the India- 
rubber fig (Ficus elaslica), Gutta Percha plant (Isonsndra Gutta), EufAortiias, 
Lettuce, Dandelion, Celandine, Goatsbeard. 

3. ContaOt of Celli. — Starch-cells in Potato, angular starch gianolea in Rice, com- 

pound starch granules in Arrow-toot, peculiar starch grains in the milky juice of 
Euphorbia. Air cells and lacunie in the Rush, Sparganium ramosum, Limnocharis 
Plumieri, and other aquatic plants. Cells with raphides of oxalate of Inne in 
Rhubarb root, cells with acicular crystals in Hyadntli, cells with oetobfedral and 
prismatic crystals in Onion and Squill. Oil cells in rind of Orange and Lemon, 
in leaves ot Hypericum, and of the Myrtle order. Chlorophyll cells in Mosses, 
Vollisneria, Chara; cells with colouring matter in leaf of Rottlera tinctoria, and 
hi petals. 
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V. INTEGUMENTABY SYSTEM. 

67. The general Integtunentary covering of plants consiBts of 

cells, varionB, a^regated, and may be considered in connection with the 

• elementary tisBues. It has been divided into two parts — the Proper 

Epidermis, and the Outer PeUtcle or Cuticle. The epidermis ia formed 

of one or more layers of colouiIeBB thick-walled celk cohering together, 
BO as to constitute a, firm membrane, which can be pulled ofT ironx the 
subjacent tissue.* The colour of the epidennis in general depends on 
that of the parenchymatouB cells below, from which it can be separated 
ae a colourless layer. Occasionally, however, the epidermal cells contain 
colouring matter, as well as waxy, siliceous, and calcareous substances. 
In the case of Orchids (Fig. 38, p. 21), it is not uncommon to find 
spiral cells in the epidermis covering their aerial roots. The epidermis 
covers all parts of plants exposed directly to the air except the stigma, 
which is formed of loose cells at the upper part of the pistil or central 
organ of the flower. The epidermis is sometimes much thickened, as 
in the Oleander and American Aloe, by being composed of numerous 
layers of cells, while, at other times, it is very thin. A delicate epi- 
dermis, called Epithelium, lines the internal cavities of certain organs, 
such as the ovary, containing the young seeds. The boundaries of 
the epidermal celts frequently assume a waved or sinuous aspect (Fig. 
93). The outer cuticle is a thin layer covering the true epidermis, 
and apparently formed from the cells of the latter. It may be merely a 
li } changed condition of the 

■ -"""-: ~ ^SS~>T"~'^"''^r~~^ walls of these cells, or a 

n \ ^v\, '^ * \\ 1 ™<xiific*'^'>n of the inter- 

1 i "'^ V^ -i 1 \ " \ cellular substance (K 40 

( ' * > f' and 52) which surrounds 

'^ — ^ % '^ ■, r' the cells. It forms the 

~~ ■— — ^ — — _^-'' covering of hairs, as seen 

"^■"^ in Figure 91, which re- 

presents the cuticle of the cabbage with hairs. A, and it extends into 
certain openings in leaves called stomata (Fig. 91, s). In plants con- 
stantly under water, and in certain of the lower tribes, the cuticle is the 
only integumentary covering. The out«r cuticle is considered by Mits- 
cherlich as a corky substance, which prevents the penetration of moisture. 
The same substance is considered by him as cementing the cell-walls 

Fig. 01. CnticJe, or ontet integuDunt ot the Cabbage {Brmaiei aUnaa), ahdwing tbe covBring of 
(he bains ^p Bnd the opeuingB oUJed lAfioait, 9. 

* Jdt b foOa notice oT tbe EpidAmiU, see ■dbfttqucnt remuls ob the ifractiin of laTO. S« also 
Mob], K«herchn lar la Cntinile dca planto. Arm. dci Sc Nal. Id Ss. Bot t. lii. p. 301, *Dl 
Liium for IMD. drpeBter tblnlLB that the term Epidumia u rcgaida planU Ihosld be dioppeJ m 
bt^ inappropriate. He adopta the tern Cnticli for the gencnl mtaganent Ebll[alogj, Sd Edit., 
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(II 52). Hairs having this corky covering do not absorb fluids easily. 
Hence the reason why fresh cotton-wool imbibes water with difficulty. 
If the corky layer be removed by chlorine, or some other oxidizing 
agents, the wool may be moistened as readily with water as any other 
substance which consists only of cellulose. Before treatment with 
chlorine, cotton-wool can hardly be impregnated with mordants ; 
while, after bleaching, the colours are easily imparted. • 

68. Epidermal Appendages. — These consist of openings, to which 
the name of stomates is given, as well as of hairs, glands, and scales. 
They are not invariably present in the epidermis of all plants, and 
some of them, after having been developed, disappear in the progress 
of plant growth. Their presence and absence, as well as their form 
and structure, pve rise to important botanical characters. The bota- 
nical terms used to indicate the nature of the hairs covering plants 
will be given in the Glossary at the end of the volume. 

69. Stomata or Stomates, called also breathing x>oreB, are orifices 
between the epidermal cells atuated on the leaves and other green 
parts of plants exposed to the aix, and communicating with intercellular 
spaces. These openings are bounded by two (sometimes three or four) 
cells (Figs. 92, 93), of a delicate nature, which have the power of 
opening or closing the orifice. When moist, these cells become 
swollen, and, while they lengthen, curve outwardly in the middle, so 
as to leave a free opening ; when dry, they are shortened and strMght- 
ened, and thus their sides are applied to each other, so as to close the 
orifice. They are not found in underground roote, nor in plants which 



Fig. 92. Fig. 93. 

have grown excluded frxtm light ; and they are rarely seen in those 
which aje constantly under water. They are best seen on the under 

Fi^. 92. Epidermu of Lily, BhowiDg Ike linn boimdinj; ibe compreHed tnd «lop^l«d «!■■, uid 
itomftU, f t, compoved of two eella, witli an opeuip; ot ilit betreea t^m. Some gnnulu mattar ii 

^niii, ihowing wiTy lina> boDBding Uic 
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Enirfoce of leaves, and will be ag>in noticed when treating of these 
organs. When the epidermis becomea hard and glazed, atomata some- 
times disappear, and are altered in their appearance. Their fona is 
nsually ov^ or elliptical (FigH. 91, 3, 92, 93, »(), bnt in some in- 
stances they are spherical or qnadraDgular. They are either scattered 
smgly at regular or irregular intervals over the epidermis, or they are 
arranged in clusters. Their number varies from 200 to 160,000 or 
more in a square inch of surface. In the leaves of the white lily there 
are 60,000 in a square inch on the under surface, and about 3000 on 
the upper ; on the leaves of the cherry laurel there are 90,000 on the 
lower surface, and none on the upper. 

70. Hairs are prolongations of the epidermal cells. They consist 
either of single cells, more or less elongated, (Fig. 91, p. 40, and Fig, 




Fig. M. Tig. K. Fig. VI. Fig. BT. F«. 100. )%. IS. 1%. W. 

94), or of several cells placed in a linear series, like beads, as in 
Figures 95, 96, or united both lon^tudinally and laterally, as in Figure 
97, where tie lower part of the hair consists of numerous cells. In 
Figure 98, the hair divides at the apex into two, in a forked manner. 
In Figure 99, a, it splits into several cellular projections, which, in the 
lower figure, b, are represented spreading out in a star-like or stellate 
manner. A forked hair (Fig. 98) sometimes has the divisions hooked 
(uncinate), or presenting a barbed (glochidiate) appearance. In Figure 

Fig. 94 Hbu- of ToiDmoD Cabbage ^ it i» compDMd ot a Hingle ekmgated f»nicBl cell- SocIl i hair la 
called •imple mA uutcelliilu. 

Fig. W. Hail of Virgiaiau ipiderwDTt {Tradesamtia nr^nica}, compoaed of Domenmi cella united 
' It ia called a partitioned hair 
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44 VARIOUS KINDS OF HAIBS. 

100 is seen a capitate hair having a rounded top. Hmt^ are some- 
times attached to seeds, as in the Cotton plant (Fig. 101}, for the 
purpose of scattering them. The cotton hairs consist of elongated 
cells, the walls of which in drying collapse in the centre, so as to pre- 
sent a twisted appearance. Various parts of plants are transformed 
into hairs. Thus, in Rhus Cotinus or the Wig-tree (Fig. 102), the 
flower-stalks are changed into hairs, and in the conunon Dandelion and 
other composite plants, (Fig, 105), the outer covering of the flower, 
called the calyx, assumes a hairy or pappose aspect. Hairs which 
have secreting cells at their apex, as in the Chinese Primrose, and in 




F^-lOl. Tig.m. Fig. 10*. 

Sage (Fig. 103), and in Frogsmouth (Figs. 100 and 104), are called 
glandular. The cells of the hairs occasionally secrete colouring matter, 
more especially when they arise from parts of the flower, as in the 
Iris and Virginian Spiderwort. When the cells of hairs are hardened 
by deposits, as in the Rose (Fig. 106) and Bramble, they are called 
Prickles (aculei). Bristles (set*) are rigid hairs usually formed of 
a single cell ; while stings (stimuli), as in the common Nettle (Figs. 
97 and 107) and Chili Nettle, are stiff hairs arising from a series of 
cells which secrete an irritating fluid. The scales produced on the 

tin. "^l- QosBjpinio herbaccnni, Uir Cottou plmt. The hairs mmKuidiiig the leedi conatitate 
c«tUai. The haira, when the B«ed ia ripe, exhihit i peculiar twisted appeuanee under the miemCDpe. 
The Cotton pLaot ii mid (o be indicnted ij the word Kirpu, tripelated in Eather i. 8, green. 

Fig. IDS. Flowering branch of Khni ColinnB, t> kind of Sumach. One o! the hianchei i> seen 
beating the frnit. The otben produce bain, and are aterilc The tree it cai\pd arbre i, perruqueT « 
the Wig-tree, on this acconnt. 

Fig. IDS. Glandular uniceUuhir hiir of SaiiriB. The beic ia called upitale, from it> rounded hetd. 

Flg.104. Glandular nniceUnlarhairaolFngamouthC.^Fitin'iiiivMni^). 
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I'ig. lOD, Flower of Senecio, one ol the tompwite pi 
Mppna. 
Fig. IDA^ EoK bnmch, ahfiwing Bcnlei or prickla, i 
Rg. 107. Urti™ nceaa, a »jed« ol nelflB, »iHi it 
' ~ in Keiub 97. 



Fig. 110. 
ling the Calji In the form of liain 



Fig. 108. BwliHting hair or 
WBXj and other Hcrecions. 
Tig. 108. CoUecting heir on 



una, (be OlenBler. Snrh nail; h. 



central orgm of the flower of Cunpannla a 
LhB upper part of the hair which bean a poileu-grain, ii partiaU; diswn within the lower i 
Fig. 110. Sup«Tlldal gibuda of th« Hop, roDtaiiuDg areiinoog aecrelion, called Lnpotin. 
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leaves of Oleaster (Fig. 108), and of some Begoniae, the scurf on 

those of Bromelias, the chaff (ramentum) covering the fronds of Ferns, 

are all modifications of epidermal cellular tissue. On the central part 

of the flower of the hare-belle peculiar hairs are seen, 

the upper part of which is retracted within the lower 

(Fig. 109} at a certain period of growth. These 

hairs are called collecting hairs, inasmuch as they 

collect the powder which fiJls from the stamens. 

I In the germs of some sea-weeds vibratile hairs called 

cilia (Fig. 1, p. 2, and Figs. 31, 32, and 33, p. 20) 

r are seen. 

71. Glands are epidermal cells containing various 
fluid and solid secretions. They are either applied 
closely to the surface (sessile), as in the Ice-plant, 
where they appear as elevations of the epidermis, 
, containing a transparent fluid like ice, or in the Hop 
(Fig. 110), where they appear as resinous scales of 
Fig. 111. different shapes ; or they are raised on stalks (stipi- 

tate) of different lengths, and then may be called glandular hairs, as in 
the Sundew. The bases of undeveloped hairs Bometimes assume the 
appearance of glands. The secretions of glands are of an oily, waxy, 
resinous, gummy, saccharine, saline, acid, or irritant nature. The 
honey-lite matter of the flower is secreted by glands. In Figure 111 
is represented one of the leaves of the flower of the Crown-imperial, 
showing the depression, ff, at its base, in which the honey is secreted ; 
a similar pit is seen in the common Buttercup. The cells at the 
base of the Nettle hair (Fig, 97) contain an irritant secretion, those 
at tlie apes of the Sundew hairs contain viscid matter. The glands 
on the flower-stalk of Dittany and Rose secrete oil, while those 
of the Chick-pea have an acid fluid in their interior. Mr. Weddell 
states that on the inner surface of the base of the stipules of Cinchona 
and allied genera, there are niunerous small sessile glands which 
secrete a gummy fluid. In Cinchonas the secretion ia transparent 
and fluid, while in several other genera it is solid and opaque, and 
seems to glue the stipules to the bud which they embrace ; this is 
particularly the case in Pimentelia gloraerata. In Rondeletia the 
secretion ia soft, like wax, and of a beautiful green colour. The inha- 
bitants of Peru give it the name of Aceite-Maria ; they collect it 
carefiilly, and use it as an external application in various diseases. 
The atipular glands have an oval or lanceolate form, and are some- 
what pointed. These glands can be detected in freah specimens of 
Cinchona Calisaya, Burchellia capensis, Cephaelis Ipecacuanha, Cofiea 
arabica, Ixora javanica, Musscenda frondosa, Eondeletia apecioaa, 
Pavetta indica, Luculia gratiasima and Pinceana, Pentas camea. 
Gardenia Stanleyana, and other species. 

1%. 111. One or the jkUIb or leaves or the flower of rritilluia impermlii. Crown Impeciil, iliewiog 
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72. List of a few plants which may be employed in examining the 
Integumentary Syatem-. — 

Epidennis of leaves, as Hyacinth ; «pblennal caUb of the floirera of Pelargoninni, of tlie 
Apple, and Foxglove ; sUiceooa cuticle of Eqaiietam, Bamboo, stalks of Wheat, 
and other grasMS ; hairs of Cottun ; articalat«d bain on lesTee of Goldfiiwia and 
Alstroemeria ovata ; moniMinn haira in flowera of Virginian Spidenrort i etellats 
hiuiB on leBTCS of Dentzia ecabra, Rottlera tlnctoria, and in air cavities of Nnphar 
lutea, or yellow Water lily ; peltate bails on leaves of Malpigbia ureiu ; forked 
hairs on leaves of Alynoin ; glandalar hairs on the leaves of the Nettle, Chinese 
primroee, and Dro*era or Sun-dew; spiral Iuuib, or, in other word", apiral cells, 
on the DDter covering of the seeds of C<dlomia, Cobna, and many Poleraoniacsons 
plants, also of Acanlbodiom splcatnm, and on the fniJt of Salvia ; glands, with 
oil, in Sweet-briar ; scaly glands, wbich niay be called a modification of hairs, on 
the leaves of Elseagnua and some Begoniaa ; elliptical stomata on the leaves of 
litiBceona planta, as the Hyacinth and Uly ; square stomata on Agave leaf; hair- 
like etomata on leaf of Oleander; clustered stomata In some Begonias ; and sQi- 
ceoDS pectinate stomata in Equisetum. For a (Oil account of the Chemioo-HistA- 
logical consHtBlJon of the Cnticle, of the Epidennis, and of the virions appaudagee 
of tlie Inltgnmentjuy System, see Mulder's Chemistiy of Oiganic Bodies, trans- 
lated by Fromberg- For Epidermal Structure, see Brongniart, but la Stmcture 
de I'Epiderme des Vegetaui. Ann. des Sciences Nat. 2d Ser. pari. Botan. torn. 
i. p. S6. 
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CHAPTER II. 

NDTRITIVE ORGANS OF PLANTS. 

73. Having now considered the elementary tigBues of planto, their 
composition, and contents, we proceed to view tbem in combination, 
aa forming various compound organs. These are naturally divided 
into the organs destined for the nourishment or nutrition of the plant, 
and those concerned in reproduction, or in the formation of the new 
plant. Viewed aa individual beings, plants present various aspects. 
Some, like the red-snow plant (Prutococcng nivalis) and Oscillatoria, 
are composed of single isolated cells, which are capable of performing 
the functions botb of nutrition and reproduction. Others, as Fungi 
(Fig. 11, p. 11) and sea-weeds (Fig. 30, p. 20, and Fig. 84, p. 37), 
are composed of numerous cells, united either in a linear series or as a 
flattened expansion, some of which are appropriated to tie nutritive, 
and others to the reproductive fimctions. These plants are denomi- 
nated Cellular, The higher classes of plants have cells and vessels 
combined, presenting more complicated organs of nutrition and repro- 
duction, and. they are denominated Vascular. 

li. In the lower classes of plants there are no evident flowers — 
their organs of reproduction are obscure, and hence they are called 
Floioerlesa and Cryptogamic, while the higher classes have conspicuous 
flowers, and evident organs of reproduction, and hence are called 
Flowering and Pkanerogammts or PhtEnogamous. In both classes the 

§ young plant, or emliryo, in its earliest state, is cellular. 
This state is retained by the embryo or spore (Fig. 1, p. 
2) of the former ; while in the latter it assumes a high 
degree of development in the seed, and at maturity eshibits 
the parts which are to form the root, stem, and leaves, 
^' ■ associated with certain temporary leafy appendages, or 
lobes, called cotyledons (Fig. 112). 

75. When the spore of Cryptogamic plants is sown in the soU, it 
gives off root-like processes, and either sends upwards a conspicuous 
stem witli leaves, or produces a peculiar flattened expansion, called a 
frond OT thalbia {F\^s. 14, 15, p. 12), bearing organs destined for forming 
spwes. In Phanerogamous plants, on the other hand, when the seed 

Fij. 113. Seed of Lyclmia or CEmpioa enl vErticsUj. thmring the embrjo plant toiled Dp in the 
interiar. The lurrDw line, Ht the Tipper ertremitj of the embryo, points out the divinon of Uie two 
rotylednni. The othei eitremitr i> tlie ndicnlsr portion of the exig whence (he root ariHi. 
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IB planted, the young root of the embryo, proceeding from one end of 
tht primary axia, descendB, while the stem aecends, bearing leaves and 
conspicnouB flovers. This process is represented in Figure 113, 





where r is the yoimg root coming off from the radicular end of the 
axis ; t is the stalk supporting the cotyledons c e ; and g g are the 
first leaves of the plant. The same process is seen in Figure 114, 
where the roots are seen proceeding from the lower part of the axis t ; 
a single cotyledon is seen at c ; and the yonng stem is marked g. 

76. When we take a comprehensive view of the Vegetable King- 
dom, we find that all the organs of plants are formed npon one har- 
monious plan. All are produced from cells, whioh are modified and 
aggregated in various ways, and are fitted for the special fimctions 
performed by the different parts of planU. The organs called Root, 
Stem, and Leaves, with their modifications, are those destined for 
nutrition or vegetation ; while certwn cellular bodies in Cryptogamic 
plants, and the Flowers in Phanerogamous plants, are the organs of 
reproduction. 



I. THE ROOT OE THE DESCENDING PORTION OF 
THE AXIS. 

77. The root (Fig. 113, r), generally speaking, is that part of 
the plant which descends into the soil, avoiding the light. It is 
the first organ developed from the axis of the embryo. The por- 



B MonoeotjledoBoiu pluit, gennin! 
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tion of the axis from which it arises is called radicular. In Figure 
115, the embryo of a pea exhibits, at r, the portion of the axis from 
which the young root proceeds. This portion is called the Radicle ; 
J / while the part, (, is connected with the 

J--"" "V ascending axis bearing the cotyledons, 

I ^^ \ c c, and the young stalk, ff, which lies in 
=1| la depression, f, of the cotyledons. The 

I I / root consists at first entirelj of cellular 
^l / tissue ; and, in cellular plants, this con- 

j ^^mtr tinues to be the case throughout life. 

( ', , In vascular plants it is strengthened by 

t'lS' US- the addition of woody fibres and vessels, 

and presents the same internal structure as is seen in the stem. It 

may he considered a downward prolongation of the stem. 

78. The extremities of the roots are composed of loose cells, which 
appear to be the terminal tissue of the radicle, carried forward by 
the elongating root. These cells have been called spongioles, or 
gpoTtffelets, but they ought not to be reckoned 
special organs. They do not consist of the 
newly-formed tissues, but they are in reality an .* 
annual mass of older cells, pushed forward by the 
root as it is developed, and when they decay, they 
are replaced by the layer beneath. Thus, accord- 
ing to Schleiden, the point of the root consists ' 
of older and denser tissue than that immediately 
behind it. In the structure of the root we do 
not meet with true spirals. The epidermal 
covering does not present stomata; but hairs, 
usually formed of a single elongated cell, are ". 
produced, often in great abundance, which ap- 
pear to serve the purpose of absorption. Figure 
116 represents the magnified extremity of a young 
root of Orchis ; c c being the cellular tissue, 
passing into fusiform dotted cells and vessels, 
fp; the cellular extremity of the root, called 
the spongiole, being marked 3 p. The extre- "° 

mitics of some roots, as those of Duckweed and Fistia, are covered 
by a little cap-like process, or calyptra, which consists of a cellular 
layer, separating from the external parenchyma, but still retaining its 
connection with the point of the root, which perishes if the covering 
is removed. In Figure 117, there are seen two plants of Lemna 
minor, or lesser Duckweed, with their roots enclosed in a cellular sheath, 
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or jaleco'hiza.* HaiiB an foond on the roots of many plants, as on the 
toots of Orchids, on the aerial roots of Ivy, on grosses, as Fiptathenun 
mnltifloram aod comnuHa maJze, on the British species of Droeera, 
where the omple roots, which cont»n abundant starch granules, and 
perform the ofSce of the thickened roots of some Orchids, are cod- 
stantly snbmei^ied, and are coated with ceUnlar filamentooa processes. 
It is probable, Berkeley says, that the presence of hairs on roots is a 
very frequent phenomenon, though only recently observed. The hairs 
on roots seem to be withont partitioiis. Some have a simple internal 
cell-wall, others have a sjnral stmcture developed either throngb the 
whole or a portion of the thread. 

79. The yoimg roots of Gryptogamic plants, which have no cotyle- 
dons, or seed-lobes, arise from every part of the surface <J the cellidar 




Fig. 117. 



Fig. 118. 



axis or spore (Fig. 1, p. 2), and they are called by Richard Hetero- 
rkizal. In Phanerogamous plants, having one seed-lobe, or cotyledon, 
and hence called Monocotyledonous (Fig. 118, c), the young roots 
arising from the radicular portion of the axis separate into nuinerouB 
fibres (Fig, 118, r), which, in piercing the axis, are covered with a 

fig. IIT. Magnified represcnUtiiHi of two plasu of Lemaii minor, or Leuei Dnckwefd— the green 
muitje of the pnoU — ihewing the £f trflnuLiei of the nnU CDrerecl by a LXilular iheath- 

Pig. 118. Gniii of 0*U apnntiDg, Ths rooU, r, puiisg throDgh sheathi, en, the tingle eatyle- 
doD. c, and the yofmg atalk and leatei, g^ Biiihanl ealla It EndDrhiiai. 

Fif. 119. Seed of Orange, t Dicotyledon, tpniDting, iheniog the not desrending and lapaii^. c, 
the eotyledona in the aeed, I f the young leavea, ;. The plant weaUedEiorhiial by Richard. 

* See 'becol on Rsota, ui Annala dei Scieuna Nat., 3d Kr, torn. t. p. SIO, 
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sheath, called a coleorhiza (Fig. 1 18, co). These roots have been called 
Ertchrhizal. Schleiden confiiders them as beiag adventitious. In 
Phanerogamons plants, having two seed-lobes, or cotyledoos, and 
hence called DicotyledonouB, the young root elongates directly ^m 
the extremity of the radicle (Fig. 119), and afterwards divides. It is 
called Exorhixal. These divisions of Richard are not adopted by 
Schleiden. 

80. Roots have no proper leaf-buds ; but in certain circumstances 
they are capable of producing them. Roots occasionally arise from 
different parts of the stem. Thus, when a cutting of willow is placed 
in moist earth, or branches are bent so as to be inserted into the 
ground, roots are given ofE; in the form of cellular prolongations, fi^m 
the surface, or from small lenticular points (Fig. 120, l), to which the 
name of lenticels has been given by some.* Such roots are advent!- 




t abnormal. The term Aerial, is given to roots 
which arise from the stem and branches of plants, and which, during the 
whole or part of tlieir growth, are suspended in the air. Remarkable 
instances of these aerial roots are seen in the Banyan tree [Fig. 121), 
and in various other species of fig; in the Screw pine (Fig, 122, and 
Fig. 167, p. 70), in the Mangrove (Fig. 123), and in the Tree-fern (Fig. 
165, p. 70). The extremities of these roots, when in the air, are some- 
times covered, as in the Screw pine, with a peculiar cap-like covering. 
These abnormal roots ultimately reach the soil, and become subterranean, 
serving to support and prop up the trees to which they are attached. 
81. In Epiphytes, or plants growing in the air, attached to the 

Tlg.lW. BnniaiitfWiUonihnmg1ent[ceI>,J,Biidbud]!. Tbe K<in oT tbr old Ijudi arc mukel c. 

Fig- IS]. Jiciu Indira, the Banjul tree, aeadmg oat Dnmeroni adventitioua nwls, which reach Ui« 
11^ and prop the luancheB. The finnoni Nerbnadah Banian ia uid to haic SOO large, and SOOD amall 
aerial rooti, and U> he capable of sheltering 3000 men. 
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trunks of trees, such as Orchids (Fig. 38, p. 21), the aerial roots pro- 
duced do not reach the soil. They continue always aerial Mid greenish, 




offnuB 






Fig. 123- lUuiophotA UaD|;]B, the Uangtofa trep, supported, u Lt were, upon pQM by iti i 
roots, which itiae up the stem, Th« plaat grora aX the muddy months of iiTeri io wann 
UaDgToret ere coiutitnttd hj A.viceiu»iu and Rhizophoroi, Avicenniai have aspAnsue-Ul 
gnjoud iLemfl, whjcli Kod up iDnnmerabLe young Bhooto whenever the main elcm is disturbed 
phoRiB Bend out aerud roota which preBecre the tren From ^Ung Kfter the lerrestriaJ rootfl h 
Ihem hi^ ahote the nrigiial level of the gnnnd. 

Fig. 1S4. Climbing bitinch of llden HiUi, the Ivy, ahewing the root-like iiroct 
■uppoTla ilKlf. Tbeec sie not true leotg. Se CondoUe cnlli tliem cranfHw. 

Fig. 125. Viicom album, the Miatleto, a paraiitio phml, deriving nuuiinhment fl- 



ee by which it 
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and they possess stomata. Delicate hairs are ofteD geen on these Epi- 
ph>rtal roots, as well as a peculiar inyeBtment over their true epidermis. 



Hk- isa, rig. 128. 

The aerial roots of tie Ivy (Fig. 124), and those of Trumpet creepers, 
are not the proper roots of the plants, but simply processes intended 
for mechanical support. 

Kg. IM. Orobonihe Ei^ngii, 1 iini ot flreom-nipe, paraiitic od the rooti of the Erjngo. a, the 
tltmtrmg Hten ; t, the lower part of Ihe atom, with ibt root, fntm tJie pijint ot wliich fibriLi procud, 
uaiting it la other plAnti. 

Tig. 127. BaSlaii ArnoUi, > puuilic phuit of Snnuititi, Tlie Ooirer is three feet in diuneter. It 
groTi atttehcd to (he Btem of k eUmbijig Cihqh^ 

Fig. 1*8. CoBtula or Dodder, a, p»i™te which flrtt growi in the lunsl wajr, from leed, with ill 
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82. Parasitic pUnIs, u the Histleto (Fig. 125), Bromn r^ie (Fig. 
136), and Bafflesia (Fig. 137), Mnd loot-Uke proceaees into the Bub- 
stance of the plant whence they derive nonridiment In the Dodder 
(Fig. 138), the bai^ over the root swells into a kind of aacker (hausto- 
riom), wtdcb is applied flat upon the other plant, and nltimately 




becomeB concave, so as to attach the plant b; a vacuum. From the 
bottom of the sticker the root protrudes which penetrates the support- 
ing body. In the case of parasitic Fnugi, such as mould {Fig. 11, p. 



Fig. 1S9. FibmunHtaTlgnu. NnmeroH Shtila coming off bun one 

Fig. 130, LoinrpulorthctlcmuiarDotaflbttluDlxirSlack. r, the 

irindiei ; e, tilt point of ddiod betweeo mot and itoa I -, ff, tite IfaTva ; I 

tifi. lEl. ISS^ 183. Root of Caccnliu pilmBnu. tlic dlanbi, >lic«iu| ts 



ic wood; drclei uil 
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11), there are cellular filamente which spread among the tlssuea of 
pUnto, and which may be looked upon as equivalent to roots and 
stems united. They form the spawn or mycelium of these plants, 
and in some cases cause rapid destruction of the tisauee of plants, as 
in the disease called Dry-rot. 

83. Boots vary in their duration. In plants which grow up, 
flower, and die in one year, they are annual. In such cases they are 
usually composed of slender fibrils, which are deciduous, like leaves. 
These roots, conwsting of numerous fibrils, springing from one point, 
are called jiirow* (Fig. 129). They are seen in many annual grasses. 
Plants which Earing from seed one year, and flower the second season, 
and then die, have biennial toots ; wbUe those which continue to 
live and flower for many years, have perennial roots. In the last 




Hr. IM. 

two cases the roots are often of a fleshy or woody consistence (Fig, 
130). 

84, Perennial woody roots, when cut transversely, as in Figures 
131, 132, 133, exhibit a structure similar to that seen in stems. 
Thus, in these figures there are observed rays going from the centre 
to the circumference, with a kind of bark outside, and in Figure 132 
there are concentric woody circles. Fleshy roots contain much starch, 
sugar, and gelatinous matter in their structure. They either descend 
singly, in an elongated tapering form, without branching, giving rise 
to various forms of tap-root — conical in the carrot, fusiform or spindle- 
shaped in the radish (Fig, 134), or napiform in the turnip — or they branch 
ofi^ in a fibrous-like manner, giving rise to fasciculated roots, as in 
Ranunculus and Dahlia (Fig. 135), and iuherculate or tuherms roots, as 

Fi^. lU. Fuironu or ipimUi-diaptd n»t of Itaphuiu uUru, Ihe Raduli. 

Fig, ISC, FlMhy or fudcukUilnwti or tliB Dahlia. 

Fift. 1B«. OnliiB, ttiewing tubecculu or tnljcioui root*, oIulIi conluiii i guum; nuttci' atilei 
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in Orchis (Fig. 77, p. 33, and Fig. 136). In Ipecacuan (Figs. 137, 138.) 
there is a peculiar annulated root, shewing eon- 
ti'actions at short intervals, while in Spirna Fili- 
pendula (Fig. 139), the root becomea nodose, pre- 
senting irregular swellings on its fibrils. Occa- 
sionally a tap-root is suddenly arrested in its growth, 
or, in place of tapering to a point, ends abruptly. 
This is seen in the Bitten-rooted Scabious, the root 
of which is called premorse. In Bome cultivated ^ 
plants, as turnip, the central root is BOmetimes in- 
jured, BO as to end abruptly, and it then divides 
into numerous branches, resembling a fasciculated »'g- u^ 

root. This gives rise to the disease called Anbury 
toes, which is very injurious to the crop. Its cause is 



fingers and 




vestigation by Dr. Anderson. The mode in which the fibres of roots 
are produced and developed, thus gives origin to different forms of 
Rhizotaxis, or root- arrangement. 
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II. THE STEM OR THE ASCENDING PORTION OF 
THE AXIS, 

1, VABIOUS FORMS OF STEMS AND BRANCHES. 

85. The etem is the tuwending portion of the axis which ia d 
velopedin an oppoaite direction from the root {Fig. 115, g, p. 50.) 
differs from the lat[«r in nsnally seeking light and ur, in be&ring' leaf- 
biids, which are produced at regular intervale, and in growing throagh- 
out its whole extent. In flowering plants con^icuoua stems are met 
with, which differ in their texture, some being herbaceous, and dying 
down annually to the ground, others being woody and permanent, as 
in trees and shrute. When stems are weak and trail on the groimd, 
they are called prostrate or procumbent (Fig. 140); when such at«ms 
rise towards their extremity they are decumbent, and when they rise 
obliquely from near the base they are ascending. Some stems are so 
slender that they reqiure the aid of other plants for their support. 
They are either climbing and scandent plants, such as the Passion- 
flower, which clings to other plants by tendrils, or the Ivy (Fig. 124, 
p. 53), which adheres to rocks and walls by its root-like processes ; or 
they are twiniftg, when the whole stem coils round other plants in a 
spiral manner, the coils beiog either from right to left, t. e., to a per- 
son supposed to be in the centre of the coil, and the stem twining 
across his chest from his right to his left, as in Convolvulus, Calystegia 
(Fig. 141), PhaseoluB vulgaris, and Dodder; or from left to right, as in 
the Hop (Fig. 142) and Tamus ; or from right to left, and left to right 
alternately, as in the Bryony. Dutrochet points out, that there is a 
revolving movement in the summit of stems, a spiral rolling of the 
stems round their supports, a torsion of the stems on themselves, and 
a spiral arrangement of leaves — all these being in each plant in the 
same direction. These phenomena, he says, are owing to an internal 
vital force, which causes a revolution round the central axis of the 
stem. 

86. Names are given to plants according to the nature and dura- 
tion of their stems. Herbs, or herbaceous plants, have stems which 
die down annually. In some of them the whole plant perishes after 
flowering ; in others, the lower part of the stem forming the crown of 
the root remains, bearing buds, from which the stem arises next season. 
In what are called biennial herbs, the whole plant perishes after two 
years, while in perennial herbs the crown is capable of producing 
stems for many years, or new annual products are repeatedly added 
many times, if not indefinitely, to the old stems. The short perma- 
nent stem of herbaceous plants is covered partially or completely by 
the soil, BO as to protect the buds. 

87. Plants producing jierraanent woody stems are called trees and 
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shrubs. The latter are less than five times the height of a man, and 
produce branches from or near the gioiind; while the former have 




VJ 




conspicuous trunke, which attain at least five times the height of » 
man. Shrubby plants of small stature are calleii under-shruba oi 



Fig 


1« 


Con 


TOliralMW. 


en^i^ 


mBimonlft.a 


Fig 




Tin 


Dine „t ml 


bile 






of 


p««D 


uppo«J.o 


b..UBdid 


in the 


Kg 




Tin 


dxg ,Um . 




ulu 


Lnpnlu 



, Google 



60 FORMS OF 8TEM8, 

bushee. The limite between these different kinds of stem are not 
always well defined ; and there are Bome plants occupying an interme- 
diate position between shnibs and trees, to which the oame of arbores- 
cent shrubs is occasionally given. The usual name given to the 
herbaceous stem is Caulis ; in grasHes the stalk is called a Culm 
(Fig. 78, p. 33); while in Palms (Fig. 83, p. 37), and Tree Ferns 
(Fig. 165, p. 70), the stem is denominated Caudex and Stipe. 

88. StemB assiune anomalotis forms. In the Tortoise, or Elephaat's- 
foot plant, the stem forms a large irregular thick mass, with a rough 
and tuberculated exterior. In the Melon-Cactus (Fig. 88, p. 38), it is 
globular, in other species of Cactus (Fig. 43, p. 22), it is jointed, 
columnar, or angular; while in the many Orchids (Fig. 143), it 



assinues an oval or rounded form, and is called a Pseudo-bulb. The 
stem is so short in some plants, as the Primrose, Cowslip (Fig, 144), 
Gieiitian, and Dandelion, that they are called stemkss or acautescent. A 
similar term is given in ordinary language to plants whose stems are 
biuied in the soil, such as Cyclamen or Sow-bread, 

89. The stem, although it has a tendency to rise upwards when 
first developed, m many instances becomes prostrate, and either lies 
along the ground, partially covered by the soil, or runs completely 

Fig, 14S. An Epiphytic Orchid {ifofrffariff), producioylhickcD^ ateioBj called Pieudo-bnLbs. aa s«ea 
Bt the [own purt of tbc Bguie. TticBc Orchidi are attached to itemB uf tnet, and aend ml aerial loots. 

Fig. IM. Cowilip (Priaiala vfrUj, liaving the >1«d shore nnii thick, and partiiJlj under gnmnd. 
The leaTci are called repeal, bennBe ibej aiiae IVom the croKn of the root. Koota are geeu eDniing 
dH from the thickened item. The flovenng ilalk in the Itate a! bnd, ia Kcn at i. 
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ondemeath its suriace, giving off roots from one side, and buds from 
the. other. Some stems are therefore subterranean, and are distin- 
guished from roots by the provision made for regular leaf-buds. 

90. The points where leaves or leaf-buds are produced, are called 
•aodei. In certain jointed stems or branches, as the Bamboo, these 
are well marked ; but in stems which are not articulated, the nodes 
are often distinguished chiefly by the leaves which they bear, or ty 
the scars left after their fall. The intervals between the nodes are 
denominated intemodes, and they are of different lengths, according to 
the distance at which the leaves are placed from each other. 

91, The stem may be considered as formed of a series of leaves, at 
first closely aggregated on a shortened axis, and afterwards separated 
by more or less evident intervals. As the leaves decay and fall off, 
the stem becomes more conspicuous and uninterrupted,- Buds may be 
regarded as shortened leaf-bearing axes, capable of elongation, so as to 

form stems and branches, with nodes and intemodes. Some 
s are terminal (Fig. 145, a), or are produced at the extre- 
i mity of the primary axis, just as the first bud in ^-^ 
f the Embryo-plant. These buds in their after- 
growth continue to add to the length of the 
' stem. Other buds are lateral (Fig. 146, J), or are 
produced on the sides of the axis. These are eon- -' 
cerned in the production of branches. 

92. In trees which do not ramify, as most 
palms, there are no lateral buds. In plants 
which have permanent stems, and in which the 
'es are deciduous, provision is made for sub- 
sequent growth, by the production of buds which 
lie dormant during the winter, or the season of 
»ig.i«. fgp^jgg^ ^jjd j^rg ready to burst forth when the 
spring or the rainy season returns. The buds are situated 
at the angles where the leaves join the stem, as in Figures 
145 and 146, where ji &d indicate the scars of fallen leaves, 
in the axil of which, or, in other words, at the angles formed between 
them and the st«m, buds are produced. In cold and temperate climates 
these buds are protected by a coarse external scaly covering (Fig. 
145, a), and sometimes also by a waxy, glutinous, or resinous matter, 
as is well seen in the Horse-chesnnt. 

98. Buds, in place of producing branches, are, in some instances, 
abortive, or remain latent, ready to be developed when any injnry has 
been inflicted on the terminal buds or branches. Occasionally, after a 

Fig. 14£. E 
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partial development as branches, buds are arrested and form knots or 
nodules. The embryo-buds or nodules of the Beech, Cedar, and 




Olive, are apparently of this nature.* Sometimes several buds unite 
together in the axil of a leaf, and form a peculiar flattened branch. 

Hf. W. Banner, a, or fiBgellimi of itnwben; {FUgiria Hiat}. The miinei ii ii elmdec bmidi, 
Leariif tit isletrali leaf-hndi, i, whicli tona lEpumti jAmiM, and whicb ue opible at (onaiag oUier 
mnn^n, c. Tht aulet, t^ on the rtumer, a, en null JeAna capable of ^fing off bnuchet- 

Rf , lis. Bnoch of lbs Sloe (Fruu fpinoiiil, pcodncilig Ipina « Ukkiu, vUdi ws nbortne 
biucbee, as ahewn by their bearing learcL • 

tig. 14V. Ononla apuioaa, a i|im; or ipmeacenf plant- LcaTei an prodood on one of Ihe apinea 
in thonu. Some eoniida It u Ibe KMe or Koi of Oie Soiptore, vbich ia Ouulated thome (Qen. liL 
Hi Hoaoa t. a). The plant ii oUed Spinj mthamw, and ia aaid to be common in PaleatiuD, aa 
well Bi in moDf parta of Eiirape. 






* Nodulei, aa thej oecnr in the Cedar of Lebanon, ha¥fl been ahem 
boflii M uleo in the Olive, where, niuler the nwno of Uovoli, Ihej are MI* fo 
findley aafi, that apedmena he baa rHetred of theae pecoliar knota traai Prince of Walea Island, fully 
amann the ricw of their being capable of forming hnncbea, Bird'a-eje nuple ia laid to be the timber 
cut fntm m^le treea affected with theie excreioencei. The Broaenm of the Eomani, ao much prized 
bj their cabinet-malers, wai the wood of the common maple, twiited into irr^rubtr forma, inocnue- 
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94. BrancheB are sometimes long and slender, and run along the 
ground, producing roots and leaves at their extremity or apex. This 
is seen in the rwnnw {flagellum} of the Strawberry {Fig. 147, a). In 
the HouBeleek (Sempervivum) there is a similar prostrate branch of a 
shorter and tliicker nature, producing a bud at its extremity capable 
of independent existence. It receivea the name of offset (propagulum). 
A stolon differs from these in being a branch which curves towards the 
ground, and, when reaching a moist spot, takes root and forms an 
upright stem, and ultimately a separate plant. It is a sort of natural 
layering, and the plant producing such branches is called stoloniferous. 

95. Spines or thorns are usually abortive branches ending in 
sharp points. This is shown by their producing leaves occasionally 




l^.l»0. Fig.lSl, 

(Figs. 148, 149), and by their being frequently changed into ordi- 
nary branches during cultivation. Plants bearing thorns (modifica- 
tions of branches or leaves) are denominated spiny, spinose, or spi- 
nescent. Such plants may be illustrated by the species of Zizyphus, 
■which abound in the warm, dry, and uncultivated parts of the East, and 
which, while they choke vegetation, present great obstacles to travellers. 
In Figures 150 and 151 are represented two species, Zizyphiis Spina 

Y\%, IBO. Zizjpbna S^na Chriiti, m (homy tree of Falatme, irhich 1ij»nie u eoiuidftrcd to he the 
Uutha of tbe Ne* Testiment, meutioDea in Matibew vii. 16 1 iiil.7,S2i iivu.!R,andmthepan]lel 

Fig. 151. Ziijpliui Fsliunii, or Filiuiui aoiltatm. another thornj plant ot PaJeitine, lupposed to 
betheHebie-S^iBiiur.tnuiibtedhnuiinlmiahr.Bi Tii. 2S, £4, !!S i ii.lSj 1.1;^ uvii. 4 , niii. 13. 
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Christi and Zizyphiis Paliunis, which are mterestiiig as coDnected with 
Scripture hUtory. TendriU (cirrhi) are frequently an altered state of 
leaf-bude or branches, as in the Passion-flower and the Vine (Fig. 
153), enabling the plants to climb. In the Vine, as represented in 
Figure 153, the tendrils, n » r, are considered by some as the termi- 
nations of separate axes. The lowest leaf in the figure is connected 
with the first axis, which ends in a spiral tendril, v ; tind between this 
tendril and the leaf a bud is given off, forming a second axis, which 
ends in the second tendril, v ; between which and this second axis 
another bud is given ofl^ forming a third axis, ending in a third tendril, 
r, and so on. The different axes are in this case called eirrhoae. 



Fig.lBi. Fig. 168. 

96. Subterranean stems and branches are sometimes short and 
thick, at other times they are elongated. Some are completely under 
ground, while others are only partially so ; some increase by lateral, 
others by terminal buds. Many of them are in ordinary language 
called roots, from which, however, they are distinguished by the power 
of forming regular buds, or by having rudimentary leaves or scales on 
their surface. Many of them contain much nourishing matter, which 
is stored up for the fiiture growth of the plant. 

97. Rhizome, or root-stock, is the name given to certain root-like 
forms of creeping st^ms, which are more or less completely subter- 

P^. IBS. The V 
ndiBting TenatHD, tbe cJniten ol nnwcn^ 
Fig. leS. Paii of the Maa nf the Vine, 

:h leaf and tendril a bud ia givei 
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ranean. They are Been in Iris (Fi^. 154), in Ginger (Fig. 155), and 
Convallaria {Fig. 156), Such stems exhibit on their upper surface the 
marks or scars of leaves, and it is to tlie scale-like appearance of these 
markings that tie plant called Solomon's seal (Fig. 156), owes its 
name. Of a similar nature is tlie SoboUa, or creeping stem of Carices 
(Fig, 157), Papyrus (Fig. 26, p. 20), and other grass-like plants, 
which spread through the sand and loose mud in such a way aA to 
bind the particles t^^ther. 

98. In tlie Banana (Fig. 64, p. 28), there is an underground stem 
which sends up shoots or branches of a herbaceous nature to bear the 
flowers and the fruit. In Asparagus the shoot developed from the 
subterranean stem is called a Turio ; it is tlie part used as an article 



ng. UK Fig. IM. Fig. IM. 

of diet ; at first it is covered with scales, but it afterwards gives off 
branches, which bear leaves, flowers, and fruit. In the Kose and Mint 
a subterranean branch arises from the stem, which runs horizontally lo 
a certain extent, and ultimately sends up an aerial stem, which becomes 
an independent plant, Siicli branches are denominated Suckers, and 
the plants are called Surculose. The g'ardener divides the connection 

Fi^. 1&4. BJuEOiDC, or putially rabtflTBnean item of Tru^ ffMng off eDsiform or Bword-lrke l^arei 
at one part, and woti from tlie lower miftte. 

Tig. IBC. BJutome, or thickened creepinji item of Ginger (Ziii^i4r t^peiiaU}, pnJdoging floTering 
sterai and rooti. Tliii rhiiome or n»t-itoek i> the part vati ecoromicalty and medicinaUj. 

Fig. IGB. lUiiHiiDe, n»t->toc1i, or partially tutrtarraneiD creeping item of Solonian'i-Beal (Polf. 
HonaHm muUIJhnimj. Ilieacinlen on the Btem bfthe UloTtliebndi, gin riaetothe£Dg]i>h name 
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between the sucker and the parent stem, in order to propagate these 
plants. 

99, The Tuber is a subterranean branch, which is arrested in 
its growth, and becomes remarkably thickened, in place of being 
elongated. It is seen in the potato and Jerusalem Artichoke ; and 
the egea produced in these instances are true leaf-buds. When the 
older parts die away, these tubers are fotmd to belong to one axis 
with the new structures, which are subsequently formed. In the 
Arum (Fig. 158), Colchicum {Fig. 159), and Crocus (Figs. 160, 161), 
the tubers are perfected after the other parts, which belong to the 
same axis with themselves, so that they and the new structures belong 
to two axes, or at least to two different processes or shoots of the same 
axis. Such tubers are called Corms. They have a central aiis, 
which is sometimes covered by thin scales, and they may be looked 




upon as shortened axes with scaly leaves, or as subterranean buds. Comw 
may be regarded as dilated st«ms intervening between the first buds 
and the roots. They occur in monocotyledonous plants. CormB ^ve 
off buds in the form of young corms. In the CrociM (Fig. 161), these 
are produced successively near the apex of the old corms, which are 
gradually absorbed. Thus, in Figure 161, No. 1 indicates the original 
corm now decayed ; 2, the corm or bud produced irom it ; and, 3, the 
young bud produced from No. 2, and connected with the flowerin? 
stem of the year. In Gladiolus, the new conns are so superimpoBed 

Fig. 157. Cirei unum, aand csni, ihewing b cneping nHEmuun atem, lobola. nw 1"^ 



Ji of the tu^bore (ogcUwr. 
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npon each other, that the; gradually rise above ground. In Colchi- 
oum (Fig. 159,) the new conn, b, is produced alternately at either side 
of the old>one, a, which Bhrivels. Sometimes three geDerationa may 
be seen at the same time — the old conn, the new corm, and the bud of 
next year. 

100. The Bulb is also a short subterranean axis, which ie covered 




Fig. IB?. I'ig. 1B8. 

with fleshy scales containing succulent cells. It is a bud produced 
under ground, the centre correBponding to the axis, which Is clothed 
with scales, and which sends flowering st^ms upwards, and roots 
downwards. In the Lily (Fig. 162), the thick and narrow scales 



Fig. IBS. Com, rff undt^Toimd 
plut. The Conn prodaca ]al-bai» a, oi 
which, when wuhed, yieldi PortlaDd S^o. 

Fig. ISV. Coimi ot HMdDW4Blfnw (G 
norm juodnad litenll; from tha aid one. 
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68 CORHS AND BULBS. 

are arranged separate!; in rows, and the bulb is called tcalg ; while 




Fig. 181. Kg. 163. Kg. 194, 

in the Leek (Fig. 164), the uiales are broad, and enclose each oUiei* 

Rg. IW. The flown- of the Ssffron-pluit (Cnev wftiw 
The plant ii the Kareom tt the Bible, mentioned in Cut. ii 

Pig. IBl. Conn of the SniFroii iCroaa lalinH), ihewing the mode in nrhicb new lorDii uf I^o- 
dnoed oborethecU. It msj be looked npon u i thitome, increBBingTerticBllyin place of horiionUl'!' 

bnd; 3, the yonng bndprodncing B flowering atem. 

Fig. leS, Bulb, or Dndergronnd bud of the lil;, coonitiDg of nameigru fleihj acilEi ariiing f»o< ■ 
eonnuoD Bhortened udi, s. ud cayeting n gmwiog point, i. rnrn the tiiij nioti arc given off helo*' 
II ii deoomiaated ■ Scelj, or oalied bulb, and the aiit ii in the forni of a fl«b} pleteia or disc, which 
giT« origin to moti and •oaie> , r, Uteral bodi or clnre^ iiiuDg ftom the axil ol ualeg ; i, SovaiM 
item pmceeding opvaidi, covered at flnt by the lulei. 

Fig. Its. Stem of bnlblfdooi Id; (OUnm iMifimm), ihewing bnlbeli or hnlhleti, ), prodnnd in 
the aidli of the lenei. Tbeie hnlhleti an hnda eaiUy detached, and capable of fanning iiid^»B^' 

Fig. IM. Tnnicated bnib of Leek (^llnm* Foman), cnt pecpenlicolailf , shewing the plate" " 
diK at tbe baie whence rooti proceed on Ohc tide, and icalei with the growing paint mi the <■*''"' 
nia ODtaide icalei are tliin, wliiie the internal onca are fleahy, 
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iu a GODcentric manner, the outer ones being thin and membraaona, 
and the bnlb is lunieaied. The BcaleB are equivalent to leaves, 
and the; produce bods in the form of cloves or young bnlbs at the 
part where they join the axis. At the base of the bulbs there is a 
flattened rounded portion (Fi^. 163, a), which produces roots from one 
side, and scales and leaves from the other. The central bud produces 
the flowering stem. The lateral buds or cloves sometimes remain 
attached to the axis, and produce flowering stems, so that the same 
bulb continues to flower for many years, as in the Hyacinth and Tulip ; 
at other times the young bulbs are detached, and form separate plants. 
In the case of some plants, as Lilium bulbifenuu (Fig. 163), bulbs are 
also produced on the stem, in the form of bulbeb or bulblets, b, which 
are scaly buds, capable of being detached, and of forming indepen- 
dent plants. 

101. Irmisch* considers bulbs and tubers, not independently, either 
as roots or buds on stems, but as bulbous and tuberous plants, and 
describes them as a special mode of persistence in plants. He divides 
them into three kinds : 1. A transformed thickened part, being the 
altered axial or stem -structure. This is called an axi^ or stem-tuber, 
as in the Potato, Arum, Gtilchicum, and Crocus, 2, TrausformationB 
of the root, called radical tubers, as in Orchis. 3. Transformation of 
leaves, or parts of leaves. These are called bulbs or leaf-tubers, as 
in the Onion, Lily, and Tulip. 

2. INTERNAL STRUCTUBE OF THE STEM IN GENERAL. 

102. The fiirms of the stem having been considered, we now pro- 
ceed to examine its anatomical structure. This structure consists of 
the elementary tigsues combined and arranged in various ways. In 
some plants the part which serves the purpose of a stem, is composed 
entirely of cells arranged in the form of very narrow filaments, which 
are simple or branched, as in some fungi (Fig. 11, p. 11) and con- 
fervffi (Fig. 30, p. 20), or which form an expanded surface, called a 
ThalluB or frond (Figs. 14 and 15, p. 12, and Fig. 50, p. 24). Such 
cellular plants have received the name of Thallogens or Thallophytea ; 
while those producing stems composed both of vessels and cells, are 
sometimes caJled Cormogeia or Cormophytes. In ordinary conspicuous 
stems, both cellular and vascular tissue are present. The latter is de- 
veloped in a vertical manner, and is called Uie vertical or longitudinal 
system, while the former increases in every direction, and is called the 
horizontal system. 

103. The arrangement and development of these two systems 
g^ve rise to three marked forms of stems: — 1. Acroffenous, in which 
the bundles of vessels are simultaneously developed, and the additions 
to the stem take place at the summit, by the union of the bases of the 

' Inuiich (Tli.l Znr Uorphologie da Uonokotjliicheii KnoUen-UDd-ZvielielftciridiK, BetIib, Sid. 
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leaves. Plants having thia kind of stem are called Acrogent, or sum- 
mit-growers. Tree ferns (Fig. 165) furnish an example. 2. Endo- 
genous, in which the bundles of vessels are definite, and are deposited 



IW 



~-.\,, ,..,._Jll,^JHllWii||tj 



towards the centre, which becomes filled up with them in the progress 
of growth, BO that the diameter of the stem increases in a great mea- 

Fig. ie&. £BBt liidian Tree Fern {AUophilc ptrntetuina). It hu u ungflWHU item, bud its 
tmbrj'o ii acotjledoncini. The item or atipe ii unbrauched. TowKrdi tbe biue, r a, there ia m ohviont 
CDlirgEmeQt caiued bj a nnmher Df adTflntidoiiB Or BCriiil nnle iriuch cttver the ittm, hnd at apiriied 

Fig, 164, C{Mv>nut Fabc l^Coau ntteifent)- Tt bM u eivdogeHHB itcD, utd itiembrTd uiuiuiuty' 

Fig. 1A7' SETEw-pine (Pattdantii odoratitsiauiy It hu mi endo^Doni Item, uA ita embrjA u 
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sure by the new matter pushiDg out that previously formed. Such 
plants are called Endogens, or Ingide-growers. Palins (Fig. 166) and 




Screw-pines (Fig. 167) supply examples. 3. Exogenous, in which 
the hundles of veBSelB are produced indefinitely in an outward direc- 
tion, and the Btem increases in diameter g f 
by the animal formation of a new layer 
of woody matter formed on the outside 
of the preceding layers. Such plants are 
called Exogens, or Outside-growers. Ordi- 
nary trees, such as the Scotch Fu- (Fig. 
51, p. 25), and the Oriental Plane tree 
(Fig. 168), furnish instances. _ 

104. While the structure of the stem ^e- "' 

supplies obvious characters, it will be found that other distinguishing 
marks separate these three great classes of plants even in their earliest 
state. Thus, Acrogens have a cellular Embryo (Fig. 169), which 
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has no cotyledons or Beed-lobeB — that is to say, has no leafy ap- 
pendages to the Embryo or young plant, and hence they are called 
Acotyledonou*. EndogenB have an Embryo with one cotyledon on 
the axis, and when sprouting send up a single seed-leaf (Fig, 170 c); 
hence they are Monocotyhdotume. While Exogens have two such 
cotyledons or seed-lobes (Fig. 171, c c), tmd are hence Dicotyledonom. 
Thus, Acrogens are Acofyledonous. 

EndogenB are Monocotyledonous. 

Exogens are Dicotyledonous. 

A. Exogenout Stem or the Stem of Dicotyledonous Plants. 

105. Exogens are the largest class of plants in all parts of the 
globe, and the structure of their stems is femiliar to us in the trees of 
cold and temperate climates. In Britain the trees of our forests are 
all exogenous in their formation. Such trees, however, occur also 
in warm regions, associated with others exhibiting endogenous and 



acrogenoiw structures. Exogenous trees are illustrated in Figures 
172-176, representing the Scotch Fir (Fig. 172), the Cork Oai (Fig. 
173), the American Plane Tree (Fig. 174), the Cedar of Lebanon 
(Fig. 175), and the Baobab of Senegal (Fig. 176). 

106. An exogenous stem, in its earliest condition, is entirely 
cellular. When the plant begins to grow and sends up its first leaves, 
the cellular tissue of the axis is seen to be traversed by bundles of 
vessels (vascular bundles), which soon divide the stem into two marked 
portions ; an internal, forming the central pith or medulla, and an ex- 
ternal, forming the cortical pith or bark, covered by epidermis. The 

Fig. ITS. Scotch Fir {P'miu islnatril), BU aopooBM « dicoCyleilgiunu uee ol the coldei rcgioni 
¥\g. 173. Coikmak (tjucrem S«tir), m eiogeimus nr di«iC>ledonDiii tree of the wiirmer regioni or 
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connection between the central pith and cellular bark is kept up by 
means of lines of cellular tiasue, called medullary rays, which are in- 



terposed between the vascular bundles. At the end of a year's growth, 

Fig. 17fi. Cedar af Lebwon {Crdrv Lit^iiti), an Mi^eniing or dJ<;ot;LiidoDou9 tree of lempenite 

EiH or Xnt at the Old TeitBnient, soil ii alloded le in vhrioni puugea in Uie books it Stmncl, 
Kings, Cliniuiclta, Fulnm be. 

Fig. 176. Baobnb-tree, or Ethiopinn Sour-gourd |J•la■•K«■,^ dlnilalo). im ejogenom tree of liol 
ilimoteB. Itii foiinilaii the west taatt oTAIiica. andou the Cape de Verde iiliodt. Itt trunk eltniDi 
•ometimu a circiuiiference of nincli feci, bul iti lieigl^t ii iiiadenilc. Some Baobabi are Rekoncd lo 
beof»™7I«""gf- 

Kg. 177. Horiiontal aection of the Hem of a melon, aheiring eiogenom ilrarture of one jBir'« 
grmrth. F]th,m, consiitibgof looH ceili often beii^onal i ^rtracheSrOrunrollahleBpirBl veuda, fonu- 
ioK the nieduUary ilieatli, which li iDturuptcd at different |KiiDtfl lo allow n^eduUqcy rayt, r n, to pua 
from thapith to the bark. Themedulltry rajtdiiido the >t«m into ten wedge-Bliapeil laiculu bniidlH, 

pitted xattla are Kpmented by large mind openinp. Tbe circani Terence it Uie out^ portion lyf tlic 
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we observe, in the exogenous stem, a central cellnlar pith, a circle of 
vascular bundles in the form of wedge-shaped maases, an external 
bark and integument, and rays passing from the pith to the bark. 
This is the complete structure of exogenouB herbaceous stems, which 
die down annually. The appearance is exhibited in Figure 177, 
which is the young stem of a melon cut horizontally ; m is the medulla 
or pith, composed of loose cells containing fluid ; t, traohe» or spiral 
vessels immediately surrouuding it, and forming a medullary sheatb ; 
r m, medullary rays, composed of more or less flattened celts, which 
extend from the pith to the external cellular bark or cortical layers ; 
on the outside of the bark is the integument with projecting hairs, and 
between the medullary rays are ten wedges of fibro-vascular bundles, 
, consisting of woody, porous, annular, reticulated, and 

spiral vessels ; in these wedges the porous vessels 
are represented by large rounded openings. In 
1 Figure 178 is given a horizontal section of one of 

the fibro-vaacular bundles, in order to shew its com- 
position. The section extends from the pith to the 
, L outer integument ; m, medulla or pith ; (, trachete 

1 or spiral vessels, forming the sheath round the pith, 
the fibres being unrollable ; r m, cellular medullary 
ray at the side of the vascular wedge ; /, woody, 
annular, and reticulated vessels ; v p, porous or 
■ pitted vessels of large calibre (Fig. 62, p. 26) ; c, a 

p layer of green and active cells, forming what is 

> cijled the cambium layer; /, woody fibres, consti- 
tutmg a layer called the inner bark (Fig. 45, p. 23) ; 
V I, ramifying laticiferous vessels (Fig. 70, p. 30) ; 
p c, cortical cells, constituting the ceUular bark, which is covered by 
the common integument, e. 

107. In stems which are not annual, the growth of the second 
year consists of a new formation of vascular bundles outside the pre- 
viously formed layer, between it and the bark — the connection between 
the pith and the bark being still kept np by cellular rays. Between 
the pith and the bark there are annually formed a layer of active for- 
mative cells, called cambium cells, which are concerned in the develop- 
ment of new woody fibres. In Figure 179 is shewn a transverse sec- 
tion, A, and a vertical section, £, of one of the fibro-vascular bundles of 
the maple at the commencement of the second year of growth — the 
letters referring to both sections ; t, trachete, or spiral vessels, forming 
the medullary sheath, which allows the medullary rays to pass through 
at different points; v p, porous or pitted vessels, constituting bothren- 
chyma or taphrenchyma, and presenting large rounded openings ; f, f, 
fibres formed of fusiform tubes, the inner, f, marking the fibres form- 
Fig. 173. One of Ite vBBCnlar wedges of the meloQ HeparBled t-j ihew its cnnipoBitian ; m, medulla 
or pith; f. Hpix3l tciicIb of mednllHry aheatli^ rm, mednllajj ray ; /, woodyflbrea^ itp, pitted veaaelH } 
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ing the wood of the stem, imd the outer, f, those which fonn the cortical 
fibres of the inner bark ; e, cambitun celk 
between the wood and bark ; p e, pe, cor- 
tical polyhedral cells, often of a greenish 
colonr, fonniag a cellular layer of bark ; 
s, onter cellular layer of bark, composed of 
cubical or tabular colonrlesa cells, oflen 
of a corky nature, and hence called sn- 
berons ; this cortical layer is covered by 
the general integument Thus, at the 
commencementofthe second year's growth 
there is a distinct formatioa of cambimn 
cells, by the action of which a new layer 
of wood, and a new layer of fibrous bark 
is formed, and these cambium ceUs, being 
in connection with the medullary rays, 
keep up the connection between Ihe me- 
dullary and cortical cells. 

106. Let us now trace the changes 
which take place in the permanent woody 
stem of the Maple, after three years' 
growth, as represented in Figure 180. 

The yearly growtii of the woody bimdles ■■• 

is marked by the Figures 1, 2, 3 : — 1. The Pith, m, is surrounded 
by trache«, t, which are not repealed in the growths of subsequent 
years ; outside these are the pitted vessels, v, and fibrous tissue, /, of 
the first year's growth, 2. Pitted vessels, v, and / fibres, or woody 
and other vesseb of the second year's growth, 3, Pitted vessels, 
V, along with fibres, /, of third year ; c, layer of cambium cells out^de 
the wood of third year. The outer part of the section consists of the 
layers of bark ; s, the suberous, or outer layer of bark cells ; imme- 
diately within, is p, cellular layer, and 1 1, fibrous layer of bark of 
first year ; then follows the bark of the second year, pi; and, finally, 
the cortical layers of the third year, p I, which are separated from the 
wood by a cortical layer of new cells, m c, and the cambium layer, c. 

109. In examining, therefore, the growth of an Exogenous stem, it 
will be seen, that while additions are yearly made to the layers of 
wood in an outward direction, so as to give rise to the term Exogen, 
or outside grower, the bark, on the contrary, increases by annual addi- 
Ijons on the inside. The increase of the diameter of such stems takes 
place by successive deposits of vascular wedges in concentric circles. 



« /, forming the la^cr of wood of tlie Bnt year ; t, cunl 
lecond jcar'i growth ; pc.pc, eeUuJar lajer of batk wiUi 
Badophheain) -. r. luberoui lojer of bark (Epiphlfenm), bc 
Bi Uie HUular Uyor b«low ; on the oDtiidc of tkie tabfm 
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ye&T after year, and during thie growth the bark will become gradually 
distended. On examining old stems the differeDt anoual layers can be 
counted, eepecially in trees of cold and temperate climates, where there 
is a. marked cessatioo of growth during winter. The parts of an 
Exogenous stem of three year's growfi are displayed in a diagramatic 
manner in Figure 181 — A being a horizontal, and B a vertical section 
of part of the stem. The cells of pith of an hexagonal form are marked 
a a ; the pitted vessels, with large openings placed towards the inner 
part of each year's circle, b h b ; the woody fibres of successive annual 
layers, c ee ; spiral vessels of the medullary sheath, d ; cambium layer 
of cells, e ; inner fibrous bark, /; cellular cortical envelope, g ; outer 
euberous layer of bark, h; medullary ray, i /; the figtires 1, 2, and 
3, indicating the growth of the different years. 

110. Let us now proceed to examine the different parts of an Exo- 
genous stem proceeding from the centre to the circumference. The 
Pilk (Fig, 181, a), consists of cellular tissue (parenchyma), at first 



Vig. 180. 

succulent, but afterwards becoming dry, as its juices are absorbed for 
the use of the young plant. In the progress of grOwth its cells are 
sometimes broken up, so as to form lajge empty cavities, as in the 
Walnut, Poke, Jessamine, and Horse-chesEut ; at other times the whole 
pith gives way, owing to the rapid distension of the outer part of the 
axis in its early st^tc, and then the stem becomes hollow, with shreds 
of pith attached to its interior, as in Umbelliferte and Grasses. The 
cells of pith are well seen under the microscope, in the Elder, Papyrus 
(Fig. 26, p. 20), and Rice-paper.* The Medullary Skeatk is the first 

Fig. lan, Horiiont«l mcUod of one of Die viMoJar wedge, of the msjile, Ulien from a ilem Ihree 
jtut old. During the finC year— 1, Uiere eiist, m, medulla or pith ; I, spii'Bl Teueli lound pith, ond, 
ouUide uf theie. pitted vemels, b, with large rounil opeDinga, and woody filirea,/ In Ihe second jear— !, 
pitted lewela, », and woody flbrw, /. lu lliiri jear— S, pitied leuala, (, idong witli Boudy llhiw, /. 
Dnringthittliirdyearlhscambininlayerof celli,c,ii formed, on llieonlaide of wUich ue the Ujert 
of bark. Tlie anhetoni layer of bark (jlpiphkDUni), conaialing nf tabular and culiif al cellt, ia marked i. 
vithin thi> a ueti Uie mrticnl layer of llie first ytar, I. f, I, coDuiling of cella, p. and fibrei, I, then 
that of the Beeond year, ^, ^ aud tlien tbat of the tliird year,p, ^^ nic heiug the bark in the progresa of 
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formed vascular layer (Fig. 181, d). It consiBto principally of spiral 
vesselB (Fig, 63, p. 27), the fibres of which can be uncoiled. This is 
the only part of an exogenous stem in which thcBe vessels ordinarily 
occur. This medullary circle is not always complete, spaces being 
left between the veBsele where the medullary rays and the pith com- 
municate. The trachee traverse the cellular tissue so as to reach the 
leaves. 

ill. The Wood. — The layers of wood (Fig. 181, b c), are formed 
outside the medullary sheath (Fig. 181, d). They consist of woody 
fibres (prosenchymatous tubes) such as those represented in Figure 45, 
p. 23, mixed with dotted ducts (Figs. 61 and 62, p. 26), and occa- 
sionally with a few annular (Fig. 66, p. 28) and reticulated (Fig. 
67, p. 28) vessels belonging to the spiral type. On making a trans- 



He. isi. 

verse section of the stem of the Chesnut, Ash, or Oak (Fig. 182), the 
estremitiee of the dotted ducts (pitted vessels) will be seen in the form 
of large rounded openings on the inner side of the woody circle or 
zone. In Figure 182 they are represented as dark points on the iimer 
margin of each circle. In the Maple (Figs. 179, 180), Plane, Lime, 
and Hornbeam, the openings are not so large, and are difiiised through- 
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78 ALBUBNUM AND DUKAMEN. 

out the annual zones, mixed with pleurenchyma. In conlferoos (cone- 
bearing) plants, as the Fir and Fine, the woody layers are composed 
of disc-bearing pleurenchyma (Figs. 52-58, pp. 25, 26), without any 
dotted ducts, and hence, under the microscope, no large rounded open- 
ings are seen in the woody layers. This is represent«d in Figure 183, 
where the two rounded openings are not the extremities of dotted 
ducts, but lacunee or cavities containing resin. 

112. In the young state the pleurenchymatouB tubes of the woody 
zones are pervious, but by degrees they are obliterated by the deposits 
of ligneous matter (lignin). In old esogenoue trees the central wood 
is hard and durable, constituting the Hearl-wood or Duramen, while 
the exterior wood is soft, forming the Sap-wood or Alburnum. The 
lignin deposited in the heart-wood irequently acquires a marked colour, 
as in the Ebony tree, where it is black ; in the Black Walnut, where it 
is dark brown ; in the Barberry and Judas-tree, where it is yellow ; in 
the Red Cedar, where it is purplish-red ; and in the Gufuac tree, where 
it is greenish. 

113. The relative proportion between alburnum and duramen 
'n different trees. Those in which the hard wood predominates 




are best fitted for building, and for withstanding the effects of moisture, 
dry rot, and the attacks of insecta and other animals. The durability 
of woods depends on the nature of the ligneous matter deposited m 
their pleurenchyma, and this varies much. The following are the 
particulars given in the Nautical Magazine of experiments made on 
several kinds of wood Ij inches square and 2 feet long, placed verti- 
cally in the ground, and about 1 foot 6 inches exposed to the atmos- 
phere, on the Ist January 1831 ; examined at two different times, 
viz., 8th May 1833 and 24th February 1836 :— 

tit- 189. Tnnmneuctiaiiaf tbeitem of in Oik, ifaeiring the pith in the centre; thewaid;]i7eii 
formed is coDcentric cirda uannd it, ud Uit liqen nf herk on the onttide. Then m lii wand; 
tirdeo, indjutiiig that the item ii the growth of ni yun, udthe umeigeuindiCKtadhjUie nvticHl 
l>;en. The duk doli on the innet aide of the difbrent wudj la^en muk tbe litiutum of the dotted 

Hf.lSS. TtuuveruBCCtiaiiarthEelemof sEiiUiree;! 
which muk (be annul la^en of wood. In IhupLuit Qt 
The woodj eirdei u* mtde np chidlj of dii ' 
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DUBABIUTT OP WOOD. 



Wooi>. 


Sth Kxt ISSS. 


!4Ta rtoRDAKi 18M. 


Teak, Eaat Indun . . . 

Teak, African 

Oak, BngliBh 

Oak, Italian 


Very good 

T«^8f«^ 

Much decayed 

Good, but decay had 


Bather soft, but good. 
A little decayed. 
Teiy much decayed. 
Very much decayed. 


Oak, Canada, White . . 

Oak, Memel 

Oak, Dantzic 

M.Lhogany 

Fii, Dantiic 


Yeiy much decayed . 
Very much decayed . 
Teiy much decayed . 

Good 

Much decayed .... 


Teiy bad, and rotten. 
Very bad, and rotten. 
Veiy bad, and rotttm. 
Tolerably good. 
Very much decayed, 
and rott«n. 


Fir, Biga 

Pir, Memel 

Lareh, Polish 

Larch, Scotch, Treenails 

Elm, English 

Ash, American 


Much decayed .... 

Much decayed 

Decayed J in the sui- 


Do. 

Do. 

Decayed ;J of an imib. 

Surface i inch decay- 
ed, the rest brittle. < 
All rotten. 
All rotten. 


Snriacei inch decayed 

and brittle 

Very rotten 

Very rottffli 



In making experimente as to the durability of timber for Ught- 
houBe pnrposea, Mr. Robert Stevenson sunk various kinds of vood into 
the sea, and be found ibat teak was the best for redsdug the attacks 
of the Limnoria terebrans. 

114. Tbe woody zones annually formed are not always of the 
same size. Much depends on the state of tbe climat« and season, tbe 
exposure of tbe plant to air and light, and the nourishment wbicb jt 
receives. A narrow ring of wood may be considered as recording a 
cold BeaeoD, while a wide one indicates a warm season. The tbickness 
of the layers of the Scotch Fir is small as we approach tbe Poles. 
Between 50* and 60" N. latitude, it is difBcuIt, according to Bravais 
and MartinB, to find annual layers of a thickness less than one-third of 
a millimeter ; in tbe north, on the contrary, the thickness is not ^"g of 
a millimeter.* Tbe same zone also varies in size at different parte, so 
that, in many cases, the pith is excentric — that is, not exactly in the 
centre of the stem, owing to the circles being thicker on one side than 
on the other. Bravais and Martins notice a Scotch Fir in which tbe 
two semidiameters of the stem were to each at nine to nineteen, or the 
one more than double tbe other. lu such cases, it usually happens, 
that tbe wde of the tree having the greatest thickness is that which 
has been best exposed to air and light. 

115. From the mode in which layer after layer of wood is formed, 
it follows that tbe age of an exogenous tree may be estimated by 

* 3h Bnnii uid Uutim' Ob«rvatiiidi in Aunilu del SciencH Kal. Ita.t. lii. p. lie. 
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80 AGE8 OF DICOTYLEDONOUS TSEES. 

counting the number of woody circles. In treea of cool climates, where 
diere is a marked cessation of growth, this may be done with tolerable 
accuracy up to a certain age at least ; but in trees of warm climates, 
where ikere is a less marked period of repose, this cannot always be 
done accurately. It is said that in some of the trees of tropical America 
monthly circles are formed ; while in species of Cactus and Cycas more 
than one year is required to form a single zone. In estimating the age 
of trees in temperate climates, the rings or zones of woody matter must 
be counted from the pith to the bark. Mistakes have been committed, 
in many instances, by merely making a section of a stem, embracing a 
few zones, and then estimating from their size for the whole diameter 
of the tree. This is well illustrated by Liudley in the case of the fol- 
lowing specimens of foreign wood, in which the semi-diameters of the 
stem are different ; — 





A. 


B. 


TotJ 
IMameter. 


^^^SS. 


PyruB folioloaa 
Magnolia imigala . 
AInuB nepalensis . 


9 Lines. 

6 Lines. 
11 Lines. 
11 Lines. 


36Lin«p. 
22 Lines. 
20 Lines. 
33Lmefl. 


45 Lines. 

30 Lines. 

31 Lines. 
34 Lines. 


40 
36 
17 

8 



In the first of these woods, if a portion of the semi-diameter A were 
examined, we would find that each zone was 0'225 of a line deep, and 
as the whole diameter of the stem is 45 lines, we would estimate the 
side examined to be 22-5 lines deep. Hence we would conclude, that 
as the plant took one year to grow 0'225 of a line, it would be 100 
years in growing 22'5 lines, while in fact it was only 40 years. In 
the same way, any calculation founded on a section taken from one 
side of the other woods mentioned, would be far from the truth. 

116. A simple way, according to De Candolle, of estimating the 
age of a tree, is to make two notches on opposite sides of a tree, and 
ascertaiu the mean of the number of the annual layers. Suppose two 
inches in depth thus extracted, and that the one has 10 annual rings, 
while the other has 16, it is evident that the average rate of growth 
win be 13 rings per inch. If we then ascertain the diameter of the 
tree, deduct the thickness of the bark, and multiply one-half the re- 
maining diameter by 13, we shall have a close approach to the true 
age of the tree.* 
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MEDULLARY RAYS. 



117. The following is given by De Candolle as the general rate 
of growth of the woody layers in diJBferent trees :— 





FiiBtTear. 


Second Year. 


Third Tear. 


Oak, circumferrace . 
Larch, do. . 

Elm, do. . 


r«t. Iniha. 

lOi 

1 s 

1 8i 


Feet. India. 

lU 

1 3 

2 9 
2 
1 lOi 


Feet. I>iclie>. 

1 Oi 

1 4 

2 11 
2 3j 

2 



De Candolle states that the rate of the formation of timber dimi- 
nishes rapidly after a given period, varying with the species. In the 
Oak the vigour of growth 
appears to diminish after 
60 years, in the Larch 
after 40, in the Elm after 
50, in the Beech after 
30, in the Spruce Fir 
after 40, and in the Yew 
after 60 years. These 
statements, however, still 
require confirmation. 

118. MeduUary Rays. 
These connect the pith ^' 

and the bark (Fig. 184, 1). 



They connst of flatt«ued quadrangular 



cellnlar tissue, having an appearance like bricks i 

Fig. 184. TnonvetM iMllon of p»rt of the irt<iDDf the Cork OiktQuiTi™ &*«■>. Theonterco 
lajBT dT buk (Epiplilcenm), i, a Tery (hiek^ c ii the innei cellulai envelope (Maophhziua) ^ 
mediitelj below i^ it the Uher, innir bMk (Endophkeoni), >ncce(deil hj itoodr circlei, ma llien bj 
pitb. M. Hedolluy nys aie atcu tnvtna^ the woody Itijei* — oik of ihtwt, 1. ii complete, procp 
ag from the pitb to the bark; Iheotherv,^, 3» i. ve incomplete, proceeilijig oulj through toineof 
woedj lajen, and not reechinf the pith. 
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82 CAUBIUH LAYER. — BARK. 

hence called muriform (Fig. 181, it, p. 77). In the young sUm 
these rays are large (Fig. 177, r m, p. 73), while in the more ad- 
vanced woody stem they are seen as luieB only. They constitute the 
tdlver-grain ho conspicuous in maple, and they give the peculiar silvery 
lustre to many woods when cut in the direction &om the pith to the 
bark. These rays do not proceed in a contuiuons plane from the top 
to the bottom of the tree. They pass through the woody layers in 
such a way as to be interrupted in their course (Fig. 181, B, it, p. 77) ; 
and when a section is made perpendicularly to the rays, or, in other 
words, as a tangent to the circumference of the stem, their ends are 
eeen projecting irregularly through the woody fibres. They are siud 
by some authors to represent the horizontal system of the stem, or, as 
it were, the woof, which is traversed by the vertical woody bundles, 
like the warp. The medullary rays are in some cases, as in Clematds 
and Aristolochia, large and broad, while the woody wedges are com- 
paratively small. Besides complete medullary rays, there exist others 
which only ext«nd partially through the stem. This is represented 
in the horizontal section of a part of the stem of the cork oak, Figure 
18i. From the pith, m, to the cellular portion of the bark, c, the 
cellular line 1 extends completely, constitnting a perfect medullary 
ray ; but other minor rays marked 2, 3, 4, are seen extending only 
partially through the stem, and dividing the woody bimdles into a 
different number of wedges at difierent parte. 

119. Cambium Layer. — This is a layer of nucleated cells, lying 
between the wood and the bark, and originaUy connected witb both 
(Fig. 181, e, p. 77), They are formed in a mucilaginous fluid called 
Cambium, and they are concwned in the formation of the woody tubes 
of the inner bark, and of the pleurenchyma, as well as in the addi- 
tions made ta the cells of the medullary rays. When these cells are 
carrying on the process of growth with activity, during the flow of the 
sap in spring, the bark can be easily separated from the wood. We 
shall have occasion to allude to them afterwards, in speaking of the 
formation of wood.* 

120. ITte Bark is at first composed of tmifonn cellular tissue, re- 
sembling that of the central part of the stem (Fig. 177, p. 73). In 
the progress of growth transformations of the tissue t^e place, ly 
which fusiform prosenchymatous tubes are formed in the inner portion 
of the bark next to the woody circle. This portion is called the Inner 
Bark or Uber (Endophloeum). It consdsteof thickened pleurenchyma 
{Fig. 45, p. 23), with some laticiferous vessels (Fig. 70, p. 30). It is 
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DIFFERENT LATESS OF BARE. 83 

the fibrons part of the bark (Figs. 178, I, 180, I, 181,/), and ia often 
called Bast tissue. The fibreB of the liber are long and teuaciooB, and are 
employed for variona useful purpoBes. Those of the Lime-tree, Hemp 
(Fig. 47, p. 23), Flax (Fig. 46, p. 23), MaUow, Hibiscus, Boehmeria, 
Kettle, and Daphne cannabina, are employed for different articles of 
mann&cture. The fibres sometimes separate, bo as to form meshes, 
as in the Lace-bark tree ; at other times they form a continuouB 
layer, aa in Horae-chesnnt and Negimdo. The inner bark of An- 
tiaris saccidora has tenacious fibres, which are used in India for 
cordage and matting. The tree ia common in the jungles near Coorg, 
according to Dalzell, and the people manufacture curious sacks &om 
it. A branch is cut corresponding to the length and breadth of the 
sack wanted. It is soaked a little, and then beaten with clubs until 
the liber separatea from the wood. The liber, in the form of a sack, 
is then tnmed inside out until the wood is sawed off, with the excep- 
tion of a small piece left to form the bottom of the sack. These sacks 
ore in general use among the villagers for carrying rice. The inner 
bark of various tiees has been used for writing upon, and hence the 
name liber, 

121. On the outside of the hber lies the cellular portion of the 
bark, conaiating of two layers, the Cellular Envelope (Fig. 181, ff, 
p. 77), called also Mesophlceiun, and the Corky or Suberotia Envelope 
(Fig. 181, h, p. 77), called also Epiphlfeum. The formeris compoaed 
of loose thin-walled polyhedral cells, containing chlorophyll, and 
-hence often denominated the green layer ; the latter consists of flat- 
tened tabular parenchyma, giving the peculiar colour to the branches 
and young stems of trees and ahruba. The Epiphloeum is rarely green ; 
it ia generally some shade of ash-colour or brown. It is sometimes 
developed to a great extent (Fig. 184, s, p. 81), constituting the cellu- 
lar substance called cork, procured from the Cork oak (Fig. 173, p. 
73), and produced also by various species of Elm.* In some trees the 
£piphlceum falls off at certain intervals. In the Cork oak it does so 
in eight or nine years, leaving a tabular layer of cells below. In the 
Birch the outer bark is the part which separates in layers, owing to 
the formation of a stratum of thin-sided cells below the lamellte, which 
easily separate into fine powder when disturbed. On the outer sur- 
&ce of the Epiphlceum is the Epidermis, or general integument, which 
in old tmnks is thrown off. 

122. The different layers of bark increase by additions of new cells 
to their inner surface. The cellular layers, however, soon cease to 

■Coik,BixttoceaiiloiB.uuid b; UitKlxrlich. to ba > mwl impoitAOt coulitnsnt of the kU- 
mlL Hb ilata, that in thE poUiD, the cells, conautingof ceUuIoss, in flUeil with itudi, aod the; 
U€ euiij diitingntalna trom tho coik-cdl> bj their chemical rt-acfion. Coiiceiiti«t(d anlphnric uid 
diaulvn cellohiH immedlAtcly, but do« not act ou corle unljl after the lapse of a robiidcrable time. 
ISiaic add o( ap. gr, 1-2, oridiiei cork ftveu below the boilijiK point of water j the cclla flrtt bwdII, and 
Uio product i> tben aolohle in petaih ; Ibej afterwardi aepatata from each other, and by the cnntinned 
aetion of nitris acid a ieti« of adda ia formed, the floal member* of ihich an anbeiic and inccmic 
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84 ANOMALOUS EX0aEN0U8 STEMS. 

grow, while the liher continues t« increase by additions from the cam- 
bium layer. The thickening of the pleurenchyma of the liber takes 
place by concentric deposils of lignin, in the same way 
as in the case of woody tubes. SometimeB the diiferent 
annual circles of bark may be traced, as shown in the young 
oak stem (Fig. 182, p. 78) ; but in general, after a cer- 
tain length of time, all the layers are more or less amal- 
gamated by tie growth and pressure of the parts below, 
) that it is impossible to ascertain the age of the tree 
J by the cortical layers. It is obvious that, by the constant 
) additions to the wood on its outside, and the bark on its 
f inside, the latter is distended, and when the cellular por- 
tion has ceased to grow, it cracks and splits in various 
ways, and ultimately falls off. The distention and in- 
crease in diameter of an Exogeneous stem is such, that 
a woody climbing plant, for example Bauhinia or Honey- 
Fig, IBS. suckle, when surrounding it, gives rise to marked grooves 
on the surface (Fig. 185), and often arrests its growth entirely by 
pressure on the sap wood. 

123. Recapitulation of the different parts of an Exogenous 
Stem;— 

1. nth. Medulla, in the centre, composed of cells, freqaently hexitgonal. 
S. MedollBif Sheath, con^sting chiefly of Spiral Vessels. 

8. Woody layers, composed of Pleurenchyma and Dotted Vessels, ananged in lones, 
which are formed snocesslvely one ontside the other. 

4. Medullary Baye, termed of ninriforni cellular tissue, connecting the pith and bark. 

5. Camhium layer, composed of cells, often fusiform, separating the wood and bark, and 

concerned in the formation of new wood and Ijark. 
S. Liber, Inner Bark, Endophlceum, woody in strocture, made up of long pleuTeneby- 

matous tubes, and some laticiferous vessels, addiOona being made internally. 
7. Outer Bark, consisting of — 

a. Green Cellular Envelope, Mesophlceum. 

b. Corky or Suberoue Envelope, Epiphloeum. The additions to the oater bark 
are made internally, and the parts are often thrown ofl' in the progress of 

R. Epidermis, or Condensed Cellular Integumenl, corering all the organs, &«quently 
throwD olf in the progress of growth, and replaeed by other cellular fbrma- 

12i, Although all these parts are generally observed in Exogen- 
ous stems, and present the order now mentioned, still, various pecu- 
liarities occur, especially among exogenous trees of warm climates, 
which often obscure the arrangement. Thus, in some trees of great 
age only one marked zone or circle of woody matter is seen, consisting 
of a series of sepamte wedges ; in other trees there are several such 

Fig. 1S5. StEm of na Eiojenoua trw, sorrnaiiiJEd bj n woodj climber, wliicL hu canscd contmc. 
tlom nt different pirta. Id the West lofliei such dimbers comlitulo the Bnih rope, bi eictUenl ape. 

Edinburgh Botanic Girdcu. 
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zoDes, each of which is the produce of more than one year's growth. 
In Buch cases the stem increases in diameter by the formation of new 
wedges, or by additions to the old ones. Occasion- 
ally the woody matter is so formed as to he in 
separate masses, surrounded hy cellular tissue, which 
presents the same appearance as the outer bark 
{Fig. 186). Such a stem looks as if it were fonned 
by several united together.* 

125. Many Exogenous plants with twining I 
stems become much altered hy compression. Other 
exogens exhibit fluted stems. In the Yarroura 
wood,"!- or Paddle-wood (Aspidosperma excelsum), 1 
large specimens of which have been presented by 

Dr.W. H. Campbell and Mr. Gourlie, to the Edin- ^"'' "^• 

burgh Botanic Garden Museum, the stem is singularly fluted, and 
presents a waved or sinuous aspect. The same kind of appearance 
is seen in some woods which are imported for the purpose of fur- 
nishing dyes, such as Logwood, Nicaragua wood, and Rio de la Hache 
wood (Ciesalpinia echinata), &c.} In many anomalous stems the 
separable bark will lead the student to the determination of the 
Exogenous structure. In some of the lower class of plants a cellular 
stalk is produced, which on a transverse section presents an appear- 
ance like that of an Exogenous stem. Thus Lessonia fuscescens, 
a species of sea-weed, has stems which are often five to ten feet long, 
and as thick as the human thigh, and which show concentric elliptic 
cellular rings. Such is also the case with Usnea melaxantha, a 
tree-like lichen. In these plants, however, the structure is entirely 
cellular, and quite distinct &om that of Exogenous plants. 

126. Branches of Exogens. — In Exogenous stems a provision is 
usually made for the formation of branches, or, in other words, the 
stems grow, not merely by producing buds at the apex, which cause 
an increase in height, but also by lateral buds which give origin to 
branches (Figs. 172-5, pp. 72, 73). These are connected with the centre 
of the stem, and their tissues can he traced to the pith and its sheath. 

Fig. 1S8. Pecullir faadcuJated rtem of a Malpigliinceons plant of Soatli America. The plant ii 
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86 ENIXWENOUS STEM, 

From this mode of growth Exogenous trees have a form more or less 
tiq)ering as regards their stem and branchea. In the arrangement of 
their parts, branches resemble the stems from which they proceed. 
When regularly developed they taper to a point, and continue to pro- 
duce buds, which again form smaller branches and twigs by constant 
subdivision. 

127. The mode in which branches grow and subdivide gives rise to 
different aspects in forest trees. In the Cedar (Fig. 175, p. 73), the 
branches spread nearly at right angles; in the Italian Poplar they come 
off at an acute angle with the apper part of the stem ; in some plants, 
as the Weeping Elm, they come off at an obtuse angle. In the Birch 
and Willow the branches become so slender at their extremities that 
they bend by their own weight. When the terminal bnd of a stem or 
branch of an Exogen is cut off or arrested in its growth, the lateral 
buds are produced abundantly, and thus give rise to the appearance 
seen in pollard trees, and in the clostering of the twigs of tie Birch 
and other trees. The comparative length of the branches in the upper 
and lower parts of trees tends also to give them a peculiar physic^- 
nomy. When the lowermost are longest, and the others are gradually 
shorter as we proceed upwards, the conical form is produced, as seen in 
the Doi^las Pine {Abies Douglasii). When the uppermost are longest, 
as in Pinus pinea, the form is somewhat like that of an inverted cone.* 
When branches are produced under ground, and in darkness, they fre- 
quently become thickened and contorted in various ways, as seen in 
the potato, the tuber of which is a branch of this kind. When the 
potato is allowed to grow above ground, bnt in darkness, the ordinary 
branches sometimes assume the form of tubers. 

B. Endogemnis Stent, or tkr. Stem of Monocotyledonmtt Plants. 

r28. This kind of stem Is not seen in it« fullest development in 
northern climates. We must look to the palms and scraw-pines of 
warm regions, in order to see the striking effect produced by its mode of 
growth. The trunks of palms differ much in their aspect from the 
trees of this country. They have usually simple uubranched, cylin- 
drical stems, towering to a great height, and covered by a large mass 
of remarkable foliage. The general physio^omy of palms is seen in 
the form of the Date-Palm (Fig. 187), the Wax-Palm (Fig. 188), the 
Oil-Palm (Fig. 189), the West Indian Cabbage-Palm (Fig. 190), the 
Talipot Pahn (Fig. 191), and the Coco-nut Palm (Fig. 1G6, p. 70).t 

129. In the structure of the woody endogenous stem there is no 
marked distinction between pith, wood, and bark, there are no medul- 
lary rays, nor concentric circles. Definite vascular bundles are dif- 

■ The fonni praeptea bj treo are well grien in Sclbj'i irotk on Britiih Jurat Tiwi j ud 
" ■ ~ H. Tirining, in hii work on PictnieBqne Scennj, 

eations of theiT ForniB, uid tlie chunder vhieh thej 
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fiised through the cellular tissue without appareat regularity, and the 
whole is enclosed by an external covering which differs from the bark 
of Exogens, in not having anuutJ layers, and in not bemg separable 
from the wood. In Figure 192, which exhibits a transverse section 
of a Palm stem, this arrangement of tissues is seen. On the outaide 
is the cortical portion not sep^alile from the rest ; the vascular 
bundles are marked/ and the cellular portion, which is looser towards 
the centre, m. In the early state the stem is entirely cellular, but in 
the progress of growth vascular bundles are produced, consisting of 
woody, spiral, dotted, and laticiferous vessels. In Figure 193, there 
is represented a transverse section of one of the fibro-vascular bundles 
of an Endogenous stem ; upper p marking the general cellular paren- 
chyma snrrounding the bundle; lower p, woody fibres; I I, woody 



ttfAST. Tig. 188. Fig, tto. 

vessels analogous to those of the liber ; I, trachew (spiral vessels} ; v, 
dotted vessels of large calibre ; v I, laticiferous vessels. The vascular . 
bundles are most abundant near the circumference, while the cellular 
tissue is in larger quantity m the centre {Fig. 192). In the bundles 
the woody vessels (Fig. 193, I tj, generally surround the other vessels. 
A diagram of the stem of a monocotjledonous plant is given in Figure 
194, A being a transverse, and B a longitudinal section. The cellular 
tissue which abounds in the centre, and which also exists between the 

Kg. 187- D«t« Palm (PJaiiii iM/jlifira). This i> the T^moi of Iho BiWe. (Bio*, it. ST j PbIih 
idi. IT). 

Fig, 188, Wu.Falm tl StmOi America (Oinaylim JmliaiU). On the niriete of it> tlBm t WUT 
IDHttei' uudfa, irhich ii lucd b; the uqtivea. 

Fig, IS9, Oil-FBlm (Bltit jrouHiini). The palm which jieldi lolid palm-oil, imported from Oiiin« 
Id Africa, It elw lieldt wme oT die boil palm-wine, A ipecimea of the donered fniit hu been de- 
pOBted ia the Mnieum of the Edihlmi^h BoUnic Gaideo, hj Mr, Andenoo of lirecpooL 
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vascular bundleH, is marked a a. The vaBCular bundles are more 
abundant towards the circumference, conBisting of dotted vessels, b b ; 
woody fibres, c c; and spiral vessels, d d; besides laticiferous vessels. 
130. The vascular bimdles may be traced irom the leaves down- 
wards, some proceeding more ot less directly towards the root, others 
curving outwards towards the cortical integument or rind (Fig. 195, 
fv). The mode in which these bundles proceed from the leaves to- 
wards the centre, in the first instance, has given rise to the term 
Endogenous, or inside -growers ; the idea originally entertained by 
physiologists being, that the vascular bundles were always produced on 
the inside of those which preceded them. The bnndles, however, 
although they have a tendency towarda the centre at first, do not 
always remain there, but follow a curved course towards the periphery 
(Fig, 195), and in this way the outer rind becomes completely incor- 
porated with them, so as not to be separable. The structure of the 




"■ iig. !W. Fij.ies. 

s varies in difierent parts of their course. Near the base of the 
leaves they contain all the vessels already mentioned, but as we trace 
them downwards, the spiral, dotted, and laticiferous vessels disappear, 
and the woody fibres alone remain when they reach the rind, or, as it 
is often termed, the false bark. 

131, From the mode in which the vascular bundles are added, it 
will be seen, that the tendency is to push the older vessels outwards, 
and to render the periphery hard. In Palms, therefore, the hardest 
part of the stem is external, which is the reverse of what takes place 

Ftg.lSO. WatliidiniCabbigcPalQil^nuDferanraj. The lar^ tarmiiBl bud ii n»d io (be nmc 
"tn M cobhage. 

Fig. 1»1. Talipot-Pulm (Carypia umiriaHifira). The fm-ihaped leatM ot thii )W]m m of tam- 

Fig.192. TraniiTOTeBMtiono(tLe.leniof nPiilid,»hich«endogtni.ui, «, Ibe tenlral Iomc «1- 
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in Esogens. By tbe internal addition of vascular bundles from ter- 
minal buds only, and by the interstitial 
growth of cells, the stem of a Palm increases , 
in diameter until it acquircB the full limit 
to which the outer rind can be distended, 
and attains ultimately a imifonu diameter I 
throughout. Thus, there appears to be a 
definite limit to the lateral growth of a 
Pahn, while no such limit can be seen in 
the caee of Esogens, in whicb' vascular 
bundles go on increasing indefinitely, and the 
bark is separable. Palms consequently do • 
not exhibit trunks of a diameter equal to 
that of Exogenous trees, nor does their bole '' 
present a tapering form. The first part of i 
the stem of a Palm is formed by vessels 
which are connected with the first crown i 
of leaves ; the nest crown, or terminal bud, 
produces more woody bundles mternal to 
the first, and thus the stem is thickened *''b- '■'^'■ 

during successive seasons, until at length the lower part is fully 



formed. The same process goes on throughout the whole stem, until it 
acquires a continuous cylindrical form. 



OB tbicLBDcd WDod> vcaacla, reserabliug IIlgbc of the 
larg« dotted reHBela ; u I, taUciCEraua Tesjela, 
M, DiBgrum of a mouncgtyleilanaiu item, Bfier Car; i 
lecliun ; a, a, ceLular timie (PBreuchjrnui) ; i, 6, 
irei (Flcurenclijinn) ; d, d, Bpiral v«kU {Tnchmch, 
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132. From the stractiire and mode of growth of a Palm-Btem, it fol- 
lows, that a woody twining plant does not produce the same iiyury as in 
the case of an Esogen. In Figure 196 is shewn a Pahu-st«m, surrounded 
by a twining woody Bauhinia, which doee no injury to the form of the 
stem. The contrast between the effects of such twiners on Exogenous 
and Endogenous etem, is seen in Figures 197 and 198. The stem of 
the former showing swellings and contractions, while that of the 
latter is unaffected. In the Exogenous stem the soft wood is external, 
and the stem increases much in diameter, while in the Endogenous 
Palm the soft part of the stem is irtt^rnal, and the diameter is limited. 

133. Palms grow In a uniform manner as regards height in their 
native countries, and their age may in general he determined by the 
length of their stem. The destruction of the terminal bnd of a Palm 




Fig. IM. Fig. 19B. FiB- W. Fig. 198. 

slops its growth, in consequence of there being no provision for lateral 
buds. In some instances, however, Palms have lateral buds. This is 
particularly seea in the DoimiPalm of Egypt (Hyphiene tbebaica), which 
g^ves off branches in a forked, or what is called a dichotomous man- 
ner (Fig. 199). There are also many endogenous stems which pro- 
duce lateral buds. The Screw Pine (Pandanus), for instance, has a 
branching stem (Fig. 167, p. 70, and Fig. 200) ; so also Dractena, 
Bamboo, and Asparagus. In the Dragon trees (Dracrena), a remark- 
able increase of stem takes place in consequence of the cortical in- 
tegument remwning soft, and capable of unlimited distension. The 
vascular bundles, after reaching the circumference in these plants, 

Fig. 19E. Vertiml tBCtion of i Fdni-item, ihewinn llie iiicnlK Imndlei./p, en 

Mud interlBcinR. ThBj proceed at flnt towarda the eenCrt of the item, and then cprre oatwarda. 

Hg. 196. Stim of a Palni, aoirgmiaed by a iroodj twining BanUnia. The palm-aleiD being 

Fig. 18T- Erogenona stem) amToanded bj a woodj twining p^anttBoibrope), which cinaeaeont 

Fig, 198. FhidogcDoai alem, mrroimded bj a twining woodj plant, and remaining miiojnicd. 
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descend towards the root, and being produced both by terminal and 
lateral buds, they are developed in large quantity, and thus give rise 



to enormous st«ins. Such a stem is Been ia the famous Dragon tree of 
the Canaries {Fig. 201), which near the ground is 70 feet in circum- 

Yig. 193. Doum Fslm of E^jpt iB^fhxni th/Uica), <rilli its didiotomong item. The item ii f«ked, 
iui<l divideH alwBjfl by twoe. It in oae of the bnachigg palmfl. lU fmit la jaeA as rood, and from the 
taale oTthe nod, Lt hubEen called ^gerbtead tree. It yitlds a r«ia called Egyptian BdelliniQ. 

F^. 200. Screw Fine fPandanus}, i hnmchlD; Endogen, which Kadi d3 aerial tidieatilieiu rooti 
abnudaatLy rrooi the lo«er part of ila atem. 

Tig. 301. DtagoTi-tree (Dracma Dmctl of Omtaia, a braschuiK Eadogen, with a lemarkiibly thick 
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fereace. When numerous buds are produced laterally, the lower part 
of the stem receives more bundles than the upper, and thus the stem 
tapers. This is seen in the Asparagus and Bamboo, which in thie 
respect resemble Esogena. 

134. In some Endogenous stems the rapid growth of the outer 
part gives rise to a rupture of the central cells, and thus the hollow 
stems of many grasses are produced. In the Bamboo the hollow cavi- 
ties in the stem are separated by partitions formed by the crossing of 
the vascular bundles. In XanthorrhiBft haatilis, the grass-tree of New 
Holland, a liliaceous plant, the structure of the stem and hranehes is 
peculiar. On making a vertical section the structure appears to be 
that of an Exogen, The woody part is formed of vertical loose fibres 
like Palms, and there are other fibres, radiating from the centre, 
and cutting the preceding at right angles. These horizontal fibres 
resemble the medullary rays, but differ in their structure. They 
probably serve for the origin of leaves, which are numerous, and are 
disposed throughout the whole length of the stem.* 

135. Endogenous stems sometimes remain under ground. The 
conn (Figs. 159 and 161, p. 67, 68) is in part a shortened endogenous 
subterranean stem. Bulbs {Figs. 162 and 164, p. 68), are underground 
endogenous stems, covered with scales. In the Banana {Fig. 202), 
as well as in the Asparagus, the true stem is subterranean, and sends 
up shoots bearing leaves, fiowers, and fruit, which, after dying down, are 
succeeded by other shoots. The peripherical portion of some subter- 
ranean endogenous stems, as Sarsaparilla, presents a circle of vascular 
wedges, resembling in appearance the stem of certain exogens ; and 
the false bark of some aerial endogeuous stems, as Testudinaria, be- 
comes much thickened by the formation of cellular matter resem- 
bling cork, 

C. Aorogenoua Stem, or the Stem of Acotyledonoiis Plants. 

136. This stem, iq its complete development, is seen in the Tree- 
ferns of foreign countries (Fig, 165, p. 70). It resembles the Endo- 
genous stem in being unbranched, and in producing a crown of leaves 
at its summit. The Tree-fern form gives a peculiar aspect to the ve- 
getation of the countries in which it occurs. The structure of the 
stem, which is called a caudes, consists of cells and vessels, arranged 
in a peculiar manner. The vascular bundles are formed simultane- 
ously. They consist of woody tissue, often of a dark colour, surround- 
ing a paler layer of vessels, chiefly scalatiform (Fig. 68, p. 29), and 
dotted. The bundles assume various shapes, giving rise to the zig-zag 
appearance, presented in a transverse section, as seen in Figure 203. 
The basis of these leaves (or fr-onds as they are called), by their union 
form the stem, which is increased by additions to the summit (Fig. 165, 

* A specimf p of the lUm of a Grus-tree <Drr>)>,itilf Xanlkariira ariena). hns been presented to the 
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p. 70) ; hence the name given of Acrogens, or Bummit-growers. The 
growing poiDt is carried upwards by the leaves, and when once formed 
the stem increases very little in diamet^sr. It is often hollow by the 
rupture of the internal cellular portion. On its outside the scars of 
the leaves remain (Fig. 204, c), with the markings of the vascular 
bundles. These bundles follow a course similar to that of the woody 
tissue of the liber of Exogens. The stem of Tree-ferns, then, is of mo- 
derate diameter, and does not produce lateral buds. Sometimes it ter- 
minates in two buds, which, by their growth, produce a forked stem. 
In the stems of the ordinary ferns of this country the acrogenous 
structure is seen, although they seldom attain any height, but usually 



creep along the ground, forming rhizomes. In Figure 205 is shewn 
a fern called Asplenium, with a creeping rhieome, giving off roots on 
its lower surface, and fronds (leaves) on the other, some of the fronds 
being rolled up in a circinate manner. The bases of the leaves are 
seen persistent, that is, remaining attached to the stem. Figure 204 
exhibits the rhizome of the common Male Fern (Lastrea Filix-mas), 
with the Bears, c, of the leaves. 

137. The acrogenous stem occurs in Horsetails (Fig. 34, p. 20), 
in Club-mosses, and in true Mosses, hut in these plants it does not 
exhibit the same marked characters as in the permanent woody stems 
of Ferns. Many acotyledonous plants produce stems which consist 
entirely of cellular tissue without any admixture of woody fibre or 
vessels. Such stems are either aerial or subterranean. They appear 
as rounded stalks or flattened expansions rising into the air, or lying 
on the surface of the ground (Fig. 15, p. 12, and Fig. 50, p. 24). 

pdsr TtmEla, cldEBj sculBriform aaA dotl«l, e ; Uie outtr cortical ponion formed bj the basis of the 
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Sometimes they float in water like Seaweeds {Fig. 84, p, 37), at other 
dmes they creep under groimd, or among the tissues of other plants, 
as in the case of Fungi. In Figure 11, p. 11, a representation is 
given of a Mould fungus, with root-lite filaments at the base, consti- 



tuting the spawn (mycelium) or creeping stem, which insinuates itself 
among the dead tissues of plants and other decaying substances. 
Occasionally, as noticed at paragraph 125, the cellular stems of sea- 
weeds and lichens exhibit the appearance of concentric circles. 

I^. SOi. Kliiunu and fron 
LnveL Soin« of tiit frondA arc 
celloH It teai on tht back of tlie lepanlH! poction of Uh fionil, s. 
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III. LEAVES AND THEIR MODIFICATIONS. 

138. Leaves are important organs of nntrition, being the p&rta by 
means of which the eap of the plant is exposed to the agency of air 
and light. They proceed from the nodes (Fig. 146,/ p. 61) of the 
axis, and commence as cellalar processeB at the extremities of the me- 
dullary rays (Fig. 181, i, p. 77.) In the progress of development the 
cells miJtiply, vessels are prodnced which ramify in the form of veins, 
chlorophyll (^ 59) is elaborated, and the foliar or leaf-organs, are 
tbae completed. These organs usually spread horizontally, so as to 
expose one Bur&ice to the sky and the other to the earth — the surfaces 
differing in appearance and structure. When the position of their 
surfaces is reversed by artificial means, there is seen a marked ten- 
dency to recover their natural positioa. In some plants, as Alstroe- 
merlas, the leaf is twisted naturally upon itself^ so that what should 
be the under surface becomes the upper. Erect or vertical leaves 
occur, in which both sides are equally exposed to light. In erect 
folded leaves, such as those of the Iris (Fig. 154, p. 65), the upper 
surface becomes lat«raL Id some New Holland plants the leaf-organs 
present their edges to the earth and sky. 

1. AEBANOEMENT OF LEAVES ON THE AXIS. 

139. The mode of arrangement of leaves on the stem has been de- 
nominated PhyUotaxU. It is regulated by certain definite laws, and 
depends on the development of the nodes and int«modes of the st«m 
and branches. When the intemodes are so short that the stem is ap- 
pareutly awanting, the leaves are denominated radical, as in the Cow- 
shp (Fig. 144, p. 60), and in the Dandelion. In such cases there is 
often at first sight some difficulty in determining the leaf-arrangement. 
When the internodes are elongated, and the nodes thus separated from 
each other, then the phyllotaxis is easily seen. 

140. Each node is capable of producing a leaf or leaf-bud. When 
each of the nodes on an elongated axis produces a eongle leaf, the 
leaves are said to be alternate (Fig. 2U6), becanse they are placed 
alternately on different sides of liie axis. When two leaves are pro- 
duced at a node, they are called opposite (Fig. 207), because they are 
situated on opposite sides of the axis ; while the production of three 
or more leaves at a node, gives origin to a circle or whorl of leaves, 
which are then said to be vertieillate (Fig. 208), 

141. Alternate Leaves. — This arrangement is a very common one, 
occurring generally in Monocotyledonous or Endogenous plants, and 
also being trequent among Dicotyledons or Exogens. The umplest 
arrangement is that in which the third leaf is placed directly above 
the first, while the second is placed on the opposite side of the st«m, 
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separated by half the circumference of the circle. In this case there 
are two rows of leaves, one on each side of the stem, and the arrange- 
ment is said to be distichous (Fig. 209.) When the fourth leaf is 
above the first, on the same principle of the leaves being placed at 
equal distances on the axis, the arrangement will be tristichoug, or 
in three rows, each leaf Iwing separated irom that next to it by one- 





third of the circumference of the circle. If the fifth leaf is placed 
above the first, the arrangement will be tetraatichous, or in four rows ; 
if the sixth leaf, pentastichous, or in five rows. The last-mentioned 
arrangement is delineated in Figure 210, which represents the branch 
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of an oak with six alternate leaves, the sixth being placed vertically 
over the first. 

142. It will be observed that, in following the course of the alter- 
nate leaves on tbe stem, we proceed in a spiral or screw-like manner, 
and that the termination of the spiral cycle is to be found in the leaf 
directly above that from which we commenced. On reaching it the 
cycle begins again, and goes through the same course as regards the 
number and arrangement of the leaves. Thus, in Figure 210, the 
cycle ends at the sixth leaf, which, in fact, commences the new spiral 
coil. In completing this spiral cycle we may make a single turn 
round the stem, as in distichous leaves (Fig, 209), or we may make 




Kg. aio. Kn. all. 

two or more. Thus, in the pentastichous cycle we make two turns 
round the stem, and encounter five leaves besides the first (Figs. '210 
and 211). The arrangement has, therefore, been marked by a frac- 
tion, of which the numerator indicates the number of turns round the 
stem, and the denominator the numlier of leaves in the cycle. This 
fraction, at the same time, gives the angular divergence of the 
leaves, or their distance from each other, expressed in parts of the cir- 
cumference of the circle. Thus the fraction J indicates distichous 
leaves (Fig. 209), where the angular divergence is one-half of the 
circumference of the circle, or 180" ; the fraction J implies tristichous 
leaves where the angular divergence is one-third of the circumference 

Fig, 210. Branch ntoa.]i {(^ucrcuaptdiuiculalaj. ibemng tlie petiUilichmii or Qnincnncia] arruigg- 
■,a\ of leaiea. Tbe Intra arc pisced altersatel;, bo tbit the uitli ii OincUy abme the Ant, and 
mmuKH ths Kcond cycle. Hie leavei ore unmbued 1, S, 3, 1, G, S, aicordiag to their position. 

Fig. Sll. A alern with dteniitc lurei, amnged in a pcatutichoni or qoiscnnciil mBnier. Tlie 
:th leaf ii dirtctlv abore the Rnt, and commtncet the ucood cycle. The fractioD ciprcuing the 
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of the circle, or 120° ; the fraction J applies to the pentastichoiiB or 
Quinconcial arrangemeut (Fig. 211], a very common one among 
Exogena, in which the sixth leaf is immediately over the first, and 
two tnrns of the oiroumference are made before coming to it, the an- 
gular divergence being 144°. 

143. The alternate phyllotaxis, and the angular divergence of 
leaves is explained more fiilly by Figures 213 and 214. In these it 
is shown that, in the case of alternate leaves, perpendicular lines may 
be drawn through the leaves placed directly over each other, and that 
the number of these lines indicates the number of leaves in each spiral 
cycle, or the number of leaves between any leaf on the stem and that 
directly above it. In both these Figures it will be seen that the number 
of these lines is seven, and this, consequently, is the number of leaves 
in each cycle. It is, therefore, a Heptastichous cycle, ending with the 
eighth leaf which commences the new spiral coil. But it will also be 
noticed that the number of turns made round the stem in completing 
the cycle is different. Thas, in Figure 213, commencing with leaf 



f^^ ^^^ 




Rj.ais. 7ig.au. iig.ais. 

No. 1, we reach leaf No. 8, or that directly above 1, after making 
three turns round the stem, and the fraction indicating this is f ; 
whereas, in Figure 214 we reach No. 8 after one turn, and the frac- 
tion, therefore, is J. These fractions mark the angular divergence 
between any two leaves of the cycle, as represented in the divided 
circles at the upper part of the stems. In Figure 213, between 1 and 

Figi. 213 Bad Sit DiBgnTni 
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2 the angular divergence is obviously | of a circle, or f of 360" 
= 154^", while, in Figure 214, the divergence is 4^ of the circle, or i 
of SCO" = 511". 

144. The following are some of the usual modes of divergence of 
leaves, and their modificationB : — 
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AsaruDi, Lime, Tida, Orobus, 
Pes. 


Common in Oiami- 


Fiseidena, Didymo- 


TristMoBfl. 


Cereua triangularia (green 
flesby divisions of the Hiis). 


Ca«x,Colchicumau- 
tmnnale. 


trich^h^^ 


«i„. 


Common in this class, Apple, 
PeK, Poplsr, Cbeny. fi«- 
lereoQ. 


Eaeocharis adcnlaris. 


Common. 


i 


Laania nobilis, H0II7, Aco- 


Lilium oandidum, 
Seirpna lacnatria. 


Common in moaaee, 
LyeopodinroSalago. 


A 


Wormwood, Eupborbi* w- 
gelalia. Convolvulus tri- 
color, cones of While Pine, 
and White Spruce. 


Agave americana. 


Last»a Piliz-maa. 


A 


Isatis tinctoria, Plantago 
lauceolata, cones of I^nua 
Picea- 


GTinnadenia conop- 
ses, many apedes 


Hypnum alopeeu- 


H 


Euphorbia casspitosa, Plan- 
tago media, conea of some 
F1ne^ SemperviTiun ar- 


thogaium pyrena- 


Sphagnum, Polytri- 


U 


CoDesofsomeHnea. Ham- 
toberances on the axis). 







145. On looking at these frat:tioDs, and they embrace the common 
arrangements, it will be seen that they bear a constant relation to each 
other, for the numerator of each fraction is equal to the sum of the 
numeratore of the two preceding fractions, while tie denominator is 
the sum of the two preceding denominators ; and the numerator of 
each is likewise the denominator of the nest but one preceding. 

14G. In the case of stems with marked intemodes, with few leaves 
in the cycle, and with the points of insertion small, these arrange- 
ments can be easily detected; but when the internodes are much 
shortened, and the leaves are very numerous, it is difScult to trace the 
arrangement. The general spiral arrangement, however, is well seen 
in cases where numerous leaves are approximated, as Jn the Screw-pine 
{Fig. 200, p. 91), and the number of vertical rows in such cases may 



.y Google 



100 OPPOSITE AND VERTICILLATE LEAVES. 

be eaaly detected. In the iuBttmce of the Fir cone (Fig. 215), which 
is composed of a series of scales, or metamorphosed leaves, covering 
the seeds, there is a very evident spiral arrangement, and a conrinuoos 
series of spiral cycles will be found which pass through every scale 
of the cone. Tide generating spiral is not always readily detected, 
and it ia difficult to determine the successive scales through which it 
passes. By examining the cone, however, there are seen numerous 
secondary spirals, proceeding some to the right, and others to the left. 
The scales in these stand to each other in regular arithmetical pro- 
gression — the numbers indicating the differences between each scale 
being determined by the number of spiral cycles running parallel to 
each other. By this means all the scales may be numbered, and the 
generating spiral detected. A general tendency to alternation has thus 
been shown in the foliar arrangements of plants, and when they grow 
regularly the law of phyllotaxis can be ascertained correctly. The 
arrangement, however, is often much altered by interruption in growth, 
and other causes, so that we cannot in all oases detect its normal con- 
dition. 

147. The Phyllotaxis is uniform in the same spedes, but it fre- 
quently varies in species of the samie genus. Thus, in the European 
Larch, it is ^j, while, in the American Larch, it is f. The spirals 
proceed either to the right or to the left. The phyllotaxis of the 
branches is usually the same as that of the axis, and it is then called 
homodromous (a like course) ; but sometimes it is different, and caUed 
heterodromous (unlike course). 

148. In typical arrangements, such as those noticed, there are 
always certidn leaves placed directly over others in a straight series, 
the angle of divergence dividing the circumference into an exact 
number of equal parts. Such leaves are rectiserial, and are considered 
as being normal. Cases, however, occur, in which the angle of diver- 
gence is such, that it ia not possible to divide the circumference by 
means of it an exact number of times, and hence no leaf can be exactly 
placed above another. Such cases are called by Bravius curviserial, 
being disposed in an infinite curve, and hence incapable of being placed 
in straight rows.* 

149. Opposite and verttciHate leaves are those in which two or more 
leaves are given off at a node (Figs. 207 and 208, p. 96). In them 
also there is seen a tendency to alternation and spiral arrangement as 
regards the pairs and whorls. Thus, in opposite leaves, the second pair 
is not directly above the first, but ia placed either at right angles (Fig. 
212, p. 97), and then called decrtssate, as in the mint tribe (Labiat«), 
or slightly to one side, so that the third, or some higher pair of leaves, 
is that which is superimposed over the pair with which we commence, 
as in the Box (Fig. 216). So, also, in verticils, as in Galium and 
Madder (Fig. 217), the leaves of the second verticil are not directly 
over those of the firat verticil, but are so situated as to be above tiie 

• Bnir>U.cHaJiutl>dlap»ltlondesFeulUe8cnrvla«ri«a. Ann dca SdeoceillU. IldKr. tU. 
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intervals between the leaves of the lower whorl. Verticillate leaves, 
ae in Hippnris, sometimes become alternate, and then exhibit a distinct 
spiral arrangement. 

150. The arrangement of the leaves fiimishes characters in some 
fiamili^ of plants. Thus, the Oinchona-bark tribe have opposite leaves; 
the Borage tribe, alternate ; Labiate plants, opposite and decussate ; the 
Madder tribe, verticillate or whorled. The arrangement of the leaves, 



however, is not always constant, and we occafiionally meet with 
alternate and opposite leaves in the same plant. In some instances 
this anomaly may be traced to a non-development of the intemodes, 

Fjgr ^&- BntDch of the Box^Ctee {Buxtu Hn^mtirfnt), HhowiDg opposite learea with the pain Alio 
luting. It nppesn to be the Tiuhnt of the Bible, mentioDed in Is, ili. 19, ud ix. 13. In Euk. iirii. 
6, it is tranilBtetl Aihurites, hnt the paiuge jeeuu Tnon properlj Tendered thue, " Of tbe oaks of 
Bstliui hive thoi made thin* oan ; aiid the heocha of the roven us made of Aihor-vood (bu), io- 
leid with ivory." 

Fig. SIT. Veitlcillate at whoried learn ot Uidder (SmUa tittcloTia). The different rerUcili ere 
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by whiuh twu or more BiDgle-leaved (unifoliar) nodes are brought toge- 
ther. Thus, ill Rhododendron ponticum, the alternate leaves, by sucb 
axi arreBtmeiit, are sometimes seen alniost verticillate. Again, in bucU 
plants as the Larch, Cedar, and Pine (Fig. 218), the arrestment of the 
internodes, according to a certain natural law in their de- 
velopment, giveu rise to clustered or fascicled leaves. In 
the case of Pines, the clusters consist of two, three, four, or 
five leaves ; while in the Larch and Cedar the leaves are 
indefinite. In the young elongating shoots of the Larch, 
the leaves assume an alternate arrangement. 

151. In the embryo state of dicotyledons, the leaves or 
cotyledons are opposite, (Fig. 113, e c, p. 49); while in 
monocotyledons, the production of one leaf at the node, 
shows the tendency to alternation (Fig. 114, c, p. 49). The 
early cotyledonary leaves are called seminai (Fig. 113, c c, 
p. 49) ; those afterwards produced, and constituting the ordi- 
nary leaves, are called primordial (Fig. 113, g g, p. 49). 
Leaves inserted on a shortened stem close to the ground, 
have been already noticed as radical, those on the m^ axis 
are cauline, on the branches, ramal, and on the flowering 
stalks, /ora( (Fig. 232, p. 105). 

152, The form of the stem and branches appears to 
be in some degree regulated by the arrangement of the 
leaves. M. Cagnat thinks that the influence of Fbyllotaxis 
is seen sometimes in both the wood and bark of the stem ; 

Fi«' SIS- sometimes in one of these parts only. He states that the 
form of the wood and bark do not always correspond. In Euro- 
pean Subiacece and Jasmuium fruticans, the hark is angular, and 
yet the wood and pith are cylindrical. In 
Piipulus nigra the bark gives a round appear- 
ance to the stem and branches, while tlie ^ 
wood and pith present distinct angles. In 
Nerinm Oleander the young stem has three 
angles, and the leaves are in verticils of 
three, (Fig. 219); Lahiatte have opposite 
leaves and tetragonal stems; Hypericum te- 
trapterum has opposite leaves, and four wings 
on the stem. Again, as regards the form of 
the pith, which depends on the woody matter ^'^- °'^' 

of the stem, Cagnat remarks that the leaves of Juniper are in verticils 
of three, and the pith is triangular ; the leaves of Cypress are opposite, 
and the pith in the form of a cross. He thinks that, in the case of 
alternate leaves, the nnmher of angles and wings is equal to the de- 
Fig. SIS, ClutUred or liaacM \aaet nf Wcrmanth Fine {Piniu Strcbui}. Then are five Ioth 
in Ihe duller, surrounded by icilea b1 tlie Iibk. 

K^. aiD Acutt Itntet of Hoat-hny (yrrium Otundrr), tirtaigti in a recticil of Ihne in the young 
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nominator of the cycle, or a multiple of it, or eometimes equal to the 
denominator minus the aamerator.* 

153. V^-nation, or Preefoltaticm. — These names are implied to the 
arrangement of the leaves in the leaf-bud, and include both the mode 
in which each leaf is folded, and the relation which the leaves bear to 
each other. The leaf-bud is produced in the angle where a leaf joins 
the Btem (Fig. 146, p. 61). It contains the growing pomt of the 
st«m or branch, with its leaves and certain protective appendages 
called scales, tegmenta or perulse (Fig. 145, a, p. 61). These ecdes 
or outer leaves lae often of a coarse nature, covered with tesinons 
matter, and arranged differently trom the leaves in the interior, as may 
be seen in the common Sycamore. 

154. The individual leaves in the bud are folded and rolled up ii 
different ways. When the 
leaf is folded from its midrib, 
so that its halves are applied 
with their upper surfaces to- 
wards each other, as in the Oak 
and Magnolia, it is condupH- ^'^■ 
eate (Fig. 220) ; when the apex is bent towards the base, as in the 
Tulip-tree, it is reclinate, or inflexed ; when folded like a fan, as in 
the Maple and Vine, the leaf is plaited, or plicate (Fig. 224) ; when 
the leaf has each of ita edges rolled inwards towards the midrib, as 
in the Violet and Water- Lily, the vernation is involute (Fig, 222) ; 
when, outwards, as in Eose- 
mary and Azalea, revolute 
(Fig. 221); when the leaf is 
rolled firom one edge into a 
oil, with the other 
je exterior, as in the Apri- 
Fig. m Fig. 324. ng. m cot and Plantam, it is con- 

volute (Fig. 223) , when rolled irom apex to base like a crosier, as 
in Ferns and Sundew, it is circinale (Fig. 225). 

Rg.iX. TnuurnugectiHii 
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* Tioaa who villi to eiaioine the >nbjecl of Fhyllouiii more fullj, maj tomnlt Stejiheil, am la 
Tbeorie da la PhjUotuia. Aim. dnSdeDceiI'at.2a aer.Bot.ir. 100,112; udxu.SSl. Biaialanila 
dUpoaitioa da Fmillo, Ann. deiSdcnceiNit.Sdaer.Biit. vii. 42, 193| Tiil.ll^lSl; xii.S, %. Cag;- 
nat lur la ffiipo^tiDn dea FenillM. Asn. d» Scisuco Nat. Sd ser. Bot in. OeS. ILtBUboudoii, Fhjllo- 
Use Analomi^ue. Ann. Oci SdeDceaNat. &1 aer. Bot. 1. 15. 136. Hcnalov'a Friociplei of DuctljciTC 
and Fh;aiok«Jul Butanj, pa^ 19a. Kumunn, neberden Quincuni aJ> QruuilKEaeti der £lattateUiin| 
Im Pflusien-ieiclie, in Feggendorfi AnDBleo for IWt. linL, ElemeDta Bolanica, ed. 3, ii. MS; 
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155. The relative ponition of the leaves in the bud gives prigin to 
the following terms : — Valvate, when leaveH are placed in a circle, bo 
as to touch each other at their edgee only, without overlapping ; im- 
bricate, when the outer leaves successively overlap the inner to a 

n,^ greater or less extent 

^^i. ^ /i^^^N (Fig.226). Th(«ekinds 

^^jfji%^ fiAs la/^^^^v^ "^ vernation occaeion- 

f^ewS^iS Pr'MHft ■R'L^^'liBk ally become twisted or 

contortive. When in- 
volute leaves are ap- 
phed in a circle without 
overlapping the verna- 

tig.mi. ng. lit. riB. am. rig, 229. ^ . . , j- , 

nation, la trtduplicale ; 
when conduplicate leaves succesmvely embrace each other, as at the base 
of the Itia, they are equitant (Fig. 227 ) ; and when the half of one con- 
duplicate leaf covers half of another, the term half-equitant or obvolvte 
is applied (Fig. 229) ; when a convolute leaf incloses another which is 
rolled up in a similar manner, the vernation is mpervolule (Fig. 228). 

2. ANATOMY OR STRUCTURE OF LEAVES, 

156. The Leaf consists of a cellular and vascular portion ; the 
former constituting the Parenchyma — the latter, the RiIm and Veins, 
The whole is covered by an integiunent. The fiat expanded portion 
is called the Lamina, blade or limb, (Fig. 230, I), consisting of cells 
traversed by vessela, and the narrow portion is called the Petiole, or leaf- 
stalk (Fig. 230, jp), in which the cellular tissue is less abundant, and 
the vessels are more closely united. At the base of the petiole there 
are sometimes certain leafyappendages denominated S;!J>ufes(Fig.231,s). 
The petiole is sometimes awanting, and the leaf is then sessile (Fig. 
232) ; at other times the blade is transformed, so as to appear like a 
petiole, as in some aquatics such as Sagittaria. The leaf may be 
called generaHy a flattened expansion of the green layer of the bark, 
strengthened by woody fibres and vessels. 

157. The Parenchyma varies much in its extent, and in the form 
of its cells. In fleshy leaves it is abundant, and its cells are loose, 
and more or less rounded. In an ordinary fiat leaf there are two sur- 
faces, one of which (the upper) is exposed to the light. The epider- 
mis covering these surfaces consists of compressed colourless cells. 
That of the lower surface is often of a paler colour, and is provided 
with Btomata (Figs. 92 and 93, p. 42) and hairs ; while on the upper 
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side the epidermiB is more tough and dense, and is either entirely des- 
titute of atomata, or possesses them in small number. In leaves 
placed vertically, the stomata sometimes exist in equal number on both 
sides ; in floating plants, as water-lilies, the stomata exist only on the 
upper enrfaee of the leaf; while in submerged leaves no stomata occur 
on either surface, and the true epidermal layer of cells is absent {*\ 69). 
158. The Parenchyma of ordinary leaves consiHtfl of two distinct 





Fig. SaOv Fig. 232. Fig. 231. 

layers of cells, one connected with the upper surface (looking to the 
sky), and consisting of compact ohlong cells placed endwise (Fig. 
ps) ; the other, connected with the lower side, consisting of loo 
aggregated cells, having numerous cavities between them (Fig 233, 
^t), and, when of an elongated form, placed with their long dial 
parallel to the epidermis. The cavernous nature of the lower epider- 
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106 ANATOMY OF LEAVES. 

mU seeroB to be conoected in some degree with the stomata aad their 

fiiDctionB, The cells on the upper side are usually placed close to each 
other, without any space between them, except in cases where etomata 
occur (Fig. 233, si). In Figure 233 is given a section of a melon leaf 
perpendicular to the surface. The upper integumentary system is 
marked es ; it shows hairs, p, on its surface, and two openings of sto- 
mata, st. Below the upper epidermis are layers of oblong cells, jw, 
with two spaces between them, m, communicating with stomata. The 
lower integument, ei, also exhibits hairs and stomata ; and above it 
are layers of loose cells, pi, with numerous lacunte, I. The vascular 
bundles running through the parenchyma are marked^.* 

159. Sometimes there are several layers of epidermal cells, more 
particularly in plants exposed to the heat of the tropical sun, as the 



Fig. M3. Fig. 23*. 

Oleander (Fig. 234). When the lower surface of leaves is exposed to 
the sun, their moisture is rapidly evaporated, and they soon fade. 
The parenchyma is occasionally deficient at some parts of leaves, 
giving rise to deep indentations or to perforations. In Dracontium 
there are distinct holes in the leaves ; and, in an aquatic plant of 

Ftg. 233. Section OS Uelon- 
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South A&ica (Ouvirandra feneatralis), the tisane of the leaf is mode up 

of interlacing filamentous cells, with pcrforatioDS between them, giving 

tlie appearance of a skeleton leaf. In Victoria regia 

(Fig. 235) there are peculiar perforations in the leaves. 

These are formed by depreswons of two corresponding 

points of the upper and under surface of the leaf| and ; 

are at first closed by a transverse membrane; after 

a short time the membrane disappears, and a clear 

passage is formed through the leaf. Some suppose 

that this contrivance is with the view of allowing 

the air to escape upwards, which would otherwise 

collect below ^e under surface of the leaf, in the 

spaces included by its deep ribs, and which would 

have a tendency to prevent tlie leaf from coming into 

contact with the water. In the plant called Hermas, 

the two layers of the leaf may be separated by a ''*' ^^' 

little eifort, the hand being introduced between them. The surface of 




leaves is sometimes smooth (glabrous), at other times hairy (hirsute). 

Fig, MB. Vletorin regis, the largCBt known Water-LiJy. fgund in iugooni Id South America IM 
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dovny (pubeBcent), or woolly. The haire itre either lymphatic or glui- 
dular. Id the case of the Sundewa (Drosera) the leaves are fringed 
with glandular hairs (ciliated), and their surface is covered with them 
(Fig. 236) ; while in Venus's Fly- Trap (Dioniea moscipola) there are 
irritable hairs on the leaves, which, when touched, cause the two sides 
of the leaf to fold tcgether (Fig. 237). 

160. The Vascular system of the leaf (Fig. 233, /») is composed 
of a double layer of vessels which may be separated by maceralion. 
It consists of woody, laticiferous, dotted, aud various kinds of spiral 
vessels. These vessels collectively form the petiole or stalk, and 
spread out in the lamina or blade, so as to constitnte the veins. When 
a leaf is macerated, the cellular tissue is separated, and the vascular 
bundles alone remain. In some leaves, a« in the Barberry, the vessels 
forming the veins are hardened, producing spines without any paren- 
chyma (Fig. 238, »). The hardening of the extremitieB of the vas- 
cular tissue is the cause of the spiny margin of many leaives, such as 
the HoUy (Pig. 239), of the sharp-pointed leaves of Madder (Fig. 
217, p. 101), and of mucronate leaves, or those having a blunt end 
with a hard projection in the centre. 

161. De Mercklin* states, that leaves have their origin in cel- 
lular papille arising from the axis. Theii apex is the first part formed, 
and it is pushed forward by the growth of the part below. The leaf- 
stalk is formed after the blade, the lower part of it being the last de- 
veloped. Leaves are undivided in their early state, all the divisions 
which take place in them are subsequent formations. The mode in 
which the parenchyma increases, and the arrangement of the veins, 
give to the leaves their varied forms. 

162. Venation. — This term baa reference to the arrangement of 
the vascular tissue of the leaf. This tissue consists of firm and pro- 
minent bundles of vessels called ribs, and others less conspicuous, 
denominated veins. The term nerve, as applied to the vessels of the 
lea^ is now generally g^ven up to avoid ambigtiity as to function. 
In Figure 240 there is g^ven a representation of a vertical section 
of a branch, shewing the mode in which the vascular bundle, fv, gives 
off a prolongation to the leaf-stalk, /; the vessels passing fi^m the 
sheath surrounding the pith, m, through the parenchyma, pc pc,a3iA 
conmLunicating with the young bud, h, in the axil of the leaf. 

163. There are two marked forms of venation, one in which the 
vessels from the petiole or stem, on entering the leaf, are continued in 
the form of one or more ribs, which give off branches on either side, 
and form an anastomosis or net-work of vessels (Figs. 241, 242) ; the 
other, in which the vessels, when entering the leaf, divide into several 
veins or ribs, which run more or less parallel to each other, and are 
united by simple transverse veins, as in Palms (Fig. 243), the leek 
{Fig. 244), and grasses ; or in which the midrib gives off lateral veins 

* De MsTtkUn. obHTvBtlena nor Iliittolre da dtTeloppemeot d«g FdiJJlta, AnniJea del Science! 
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which run parallel, as in the Banana (Fig. 245). The former 
are Retkuiated or Netted leaves, and are common in dicotyledons, 




Fig. MS. ITg. 243. ■ 

whOe the latter are Parallel-veined, and are characteristic of monoco- 
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164. In reticvilated leaves there is either one primary rib called 
midrib (Fig. 241, 1), or there are several prominent ribs, as in Cinna- 
mon {Fig. 242}, and Cassia (Fig. 246). When a single midrib is pre- 
sent it g^ves off branches or veins, which either proceed directly t« 
the margin, as in the feather-veined leaves of the Oak (Fig, 210, p. 
97), Chestnut, and Holly (Fig. 248), or which end within the margin 
in curved veins as in Lilac, Cherry (Pig. 241), and Dead-nettle (Fig. 
247) ; in the latter case, marginal veinlets proceed from the curved 
veins. When there are three prominent ribs, as in Cinnamon (Fig. 242), 
and Cassia (Fig. 246), the leaf is tricostate; when five, quinqueeosUUe. 



Fig, iu. yi» S4«. 

When the midrib ^ves off two ribs a little above the base, the leaf 
becomes tripUcostate ; when it g^ves off five, quintuplieoslate. 

165. In a leaf having many ribs, they may converge towards the 
apex, as in Cinnamon (Fig. 242), or they may diverge. In the lat- 
ter case, they are said to radiate, and they f^ve origin to palmate and 
palmalijid leaves, as in Sycamore, Mallow, and Castor oil (Fig. 249). 
Parallel- veined leaves bave either a single midrib, the veins from whici 
come off in a parallel manner, and run to the margin without form- 
ing a net-work, as in the Banana (Fig. 245), and Indian Shot (Canna) ; 

Kg. SM. Leek rAaiam BwnimJ, with paraJlel-rtincd jhenUiiiig Imim, piocMding fixm i bull) at 
undeigronnd bad. The Hower-itaUi in leparaUd, ihowiDg the umbEllaU cliutfr of Bonen, ua he- 
knr it the bract or Sural luf. The plent imoa to be the Chatar of the Bible, wLich ii truiiLUtd 
Leels In Vninb. II, G: batinotber pIlHi iitniiilated gnu, herb, bs;, &c. It is the i'rucH of the 



Kg 


2*6 


Bon 


u».(«>»>»>pl<"<> 


i»), ihewiDg pariUel-T 


einedlo 


»e>,witl 












n<b.gl 


midrib iath 


leef, fn 


mirhicli 


paifllle 


the mm 


!iD 


Th 


leif tpIJUeuilju 


thedi 


■ectionrfthBBxin. 


There 





.y Google 



VENATION OF LEAVES. Ill 

or they have numeroua veins or ribs running from baBe to apex, con- 
verging aa in Grassee (Fig. 250), and Lilies ; or divei^ng, as in Palms 
(Fig. 243). 

166. In very sncculent plants, as the American Aloe (Agave ame- 
ricana), and Fig-Marygolds, where the parenchyma abounds, the veins 
are obscnre, and in plants such as Mosses and Sea-weeds, the so- 
caJled veins are composed of an aggregation of long cells, without 
any woody fibre. In many plants belonging to the Myrtle order 
(Myrtacese), which have ribbed leaves, there is an obscure vein which 
runs from the base to the apex of the leaf, close to the margin, and 
in which the lateral veinlets end. The primary veins come off from 
the midribs of leaves at different angles, and thus contribute to ^ve 
form to the leaf. Primary veins coming off at a very acute angle, 
and converging, give rise to narrow leaves ; those proceeding more at 



a right angle frequently produce broad leaves ; while those coming off 
at obtuse angles cause prolongations at the base of the leaf. So also 
with veins radiating from a point, their greater or less divergence gives 
origin to leaves of a broader or a narrower form. 

167, Lestiboudois remarks that the arrangement and form of the 
fbliaceons appendages of plants depend much on the number, the de- 
velopment, and the relation of the fibro-vascular bundles of the stem. 
In vascular plants the skeleton of the leaf is formed by an expansion 
of the fibro-vascular bundles of the stem. The leaves contain vessels 
similar to those forming the bundles at the point where they escape 
from the axis. The vascular bundles, as well as the parenchyma of 

Fig. lie. Cin^B-liarL 1th rCitnammum CauidJ, ihenjng ribbed leB^ea. Thm ue Uiree msrked 
Fig. S47. Leaf of Dead-nctae {I.amimxj, ihewing reticulited vtudon, llie primarv veins ending 
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the stem, expand in the leaf in various ways. In the cicatrices of 
fallen leaves (Fig. 145, b, p. 61), the numher and arrangement of the 
ruptured bundles are Been. In each plant the leaves receive a special 
number of vascular bnndles ; Bometimes a single bundle, as in Dian- 
thtiB, sometimes several, ae in CleniadB,Hor3e-chestnat, and Eider, some- 
times all the bnndles which surround the axis of the stem, aa is a 
great number of Monocotyledons. These bundles constitute the ribs 




of the leaves ; amongst these ribs there is nsually one which is 
median, and it marks the true positdon of the foliaceons expansion, 
determining the real point of emergence. It is distinguished from the 
others by bearing a bud in its axil. The caulinary bundles, after 
their exit from the stem, ramify, at other times they remain undivided 
for a longer or shorter space. Hence the differences of petiolal*, 
ses^e, and sheathing leavra. The bnndles which constitnte the 
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frame-work (venation) of the leayes issue from the stem at different 
points. The disposition of the leaves on the Btem, and their relation 
to each other, therefore, vary. The latter depends on the number and 
the symmetry of the caulinary bundles, and their mode of evolution,* 
168, Dr. IH'Cosh-]- thinks that the venation of leaves bears an ana- 
logy to the distribution of the branches, so that the leaf and its veins 
represent the stem and branches of the plant. He considers that in 
plants there are three homotypal parts, morphologically allied, and 
representatives of each other, viz. the root and its ramifications, the 
stem and its branches, and the leaf with its veins. These parts he 



looks upon as typically analogous. He has carried out liis researches 
chiefly in regard to reticulated leaves. The angles at which the veins 

Fig. 249. Cosloi-oll plant fRinitm eonirntiniij, sbeningpnlmately cut leaves, with railiatlng; mH 

The Unxski called tlie plant Kili. 

Fig. SiO. Spoil, Akind at tibcat cTrilinim SprllsJ, Bliewiiig A perellel-velDed leaC Tbe veins luu 

This klud of wheal b by name anpposscl to be the Hebrew f uijemciJ, tnuisliit«d Bye, hi Eiod. Ii. 33. 
and Iss, xiv^U. 25 ; and Fllcbes, In Ezek. Iv. 9. 

' LesUlHWOoia, PhyUtifaii« AnalDmlque, ou RKherdies sur Ics causes organiques ia dlvertea 
lUitribntiiHia de Feullles. Ajinoles dee Sciences Nat Boton. Sd aer. i. IS, 190. 

de^ibrJnly 18B1, Bolanlcal Gazelle, Sept. ISJl, p- 11^. Also. In the Traiianttluiia of the Edin. 
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are given oEF, he conuderB as being the same as those at which the 
branches o<ime off, and he haa attempted to prove this position by nu- 
merous measurementa of angles. In trees there is a certain normal 
angle at which branches are given off, producing a peculiar physiog- 
nomic effect. This angle may be much modified by circumstances, 
and it may vary according to the age of the branches. The deter- 
mination of thia angle is a point to which M'Cosh calls att«nlJon, and 
his researches lead him to adopt the view that the same angle wiJI be 
found to prevail in the leaf-formation. 

169. The following table gives the results of numerous measure- 
menta, by M'Cosh, of the angles of branching and venation, where 
these were foimd to agree — the angles being those formed below the 
points where the veina and branchea arise : — 

Deg. 





.0 














Bay Laurel 


00-60 




. . 46 






(niuU branches and vet 




Birch 


48-35 


ns) 66-70 


BirdCheny 


. 60 


Portugal Laurel . . . 


. 60-60 






Privet ........ 




China Aster 


28-30 


. . 42 


Cherry 


. 50 


Eed Dog- Wood .... 


. . 46 


Clarkia elegans 


36-40 


Rhododendron .... 


. . 60 






Rose 












Hazel 


42-i3 


Sohdago Yirgaurea . . 


. . 30 


Holly 


. 55 


Spiraea Ulmaria . . . 


. 30-35 


HorBe-choatnut .... 


60-56 


Bycamore 


. . 45 




4fr4S 


Thistle 


. 60-70 


Laburnum (small bianchee) 


. 60 


Thorn (lowest brancheB) . 


. 36-50 



In some leaves the small veins come off at a wider angle than the 
large veins ; and in many trees, as in the Oak, the small branches 
come off at a wider angle than the large branches. 

170. Dr. M'Cosh ia diaposed to think that the mode in which the 
vascular bundles come off &nm the axia has a counterpart in the 
branching of the stem. In some leaves the vascular bundles, on leav- 
ing the asde, are united together, so as to form a petiole, and aft«r- 
warda diverge, while in othera there ia no stalk, and the vascular 
bundles at once spread out as veins on leaving the axis. In woody 
plants, he thinks, that a similar variety takes place in the branching. 
Thus, in the Privet, Box, Bay and Portugal Laurel, the leaves have 
little or no petiole, and the branches proceed &om near the base of the 
stem or main axis ; in the Cherry, Sycamore, Horse-chestnut, and La- 
burnum, the leaves have a pretty long petiole, and these plants have 
a considerable extent of unbranched axis or trunk. 

171. The mode also in which the primary ribs are distributed in 
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cosUte leaves, hae, accordmg to Dr. M'Cosh, a counterpart in the 
branching. Thus, Sycamore, Currant, Vine, Oerauium, and Mallow, 
have several ribs proceeding from the base of the leaves, and their 
branches tend to whorl round the axis. The Laburnum and Broom 
have three leaflets coming off &om one point of the petiole, and their 
branches are also in threes. In some recent observations, Dr. M'Cosh 
also thinks that he has ascertained that the curve of the veins and 
that of the branches corresponds. 

3. CONFORMATION OF LEAVES. 

172. With few exceptions, every plant haa leaves at some period of 
its growth. Even those which produce leafless stems have generally 
seed-leaves (Cotyledons) in their embryo state (K 74). The Dodders 
(Fig. 128, p. 54), and a few other plants, are exceptions to this rule, 
r.eaves present various forms from the scales of Broom-rapes (Fig. 







126, p. 54), and the linear leaves of Asparagus and Pines (Fig. 218, 
p. 102) up to the large foliar expanaons of the Banana (Fig. 245, p. 
110), and of the TaUpot Pahn (Fig. 191, p. 88). To the nature of the 
venation and the development of parenchyma all the leaiy forms must 
be traced. Leaves are usually arranged under the heads of Simple 
and Compound; the former having a blade composed of one piece, and 
having no articulation beyond the point where they join the stem, as in 
the Oleander (Fig. 234, p. 106), and Castor-oil plant {Fig. 249) ; the 

F1g.S61. lanUl fft^BM J>MJ, lavliigcoBipiJoiidpinnatBlMyMeiuUnE lnlffliiirilB(diilil). Bach 
luflaoompOHdof M»nl ((rfim lU) p»tn o( IwflBB (foliola, pinna), which ire italkod aoa arUcn- 
Uued lo the mldilb or comaiun pBliole, whkh tamlnataB to « <pl»l lendiil Tha Itives an drrtioK. 
It li U» Hebrew .rfJuiiis and the Orw* Piaau. It Is mentioned In Ooo. iiY.3*i SSMn. nil, 38. 



a. Oblong leaf of a ipedu of Se 
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latter having a blade divided into separate pieces or leaflets, which 
are articulated with the petiole {Fig. 251). 




Fig. ise. tig. 269. Fig. 2S». 

173. Simple Leaves. — These, although formed of one piece, may 
have their blades variously divided, provided the separate portions are 



InvuHly em-absped, and Kb base la oblique. 

Flg^XSS. LanreolaMleaf oraipcdcaoeseana. It la oblique at the baa 
Fig. SS6. Leafof OroimdlTy fNcpeta Glalumi'}, hivbig i Uilney-llkc 

Fig. 857. Bnncb of Great prtckly-cnpped <iak (qairnii ^^itofi or I 
ftother-Telned. and have a BCrrat^ mu^d. "Ok cup or the ocom \t large 
llM oaki faand In Falettloe, and Is probably Uicluiled bi tbo Hebrew ^l 
xixT, Si Josh. ilx. 39; In. IL 13, Ti. 13. allv. 14; Hot. iv. 13; Amos II. 9 

ng. IBH. DndiilBlsd petiolate leaf of Hnmoi PntionliB. The leaf is i 
at the b«BO» while Its margin la wavy, ^ovena, or cHap 

Fig- 35IK Floworiag brajidi of the ToUp-tree ^lATiodtniron iulif/i/era). 
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not supported on stalks, nor articulated to the petiole, nor to the mid- 




Fig. BBS. Jig. 464. 

rib (Figs. 258, 263, 264). In their very young state they are entire or 

Re.2<!«- Acomlnstedlesf ofPellimry/PafidJriaJ. TheleafhMan ompUoafonn, ana to drawr 



F^.!it 






udfrsge (i 



iirfjli(n 



la lobed, Bud uoihed at 



Fig. 2es. TripuUte leaf of RuiukdIiu. Eacb of t 
gtn. Tbe petiole ig dllucd u tlH baso. Venation ladl 

F^ 2SS, dve-partite leaf of AconUe. Snch a leaf 
psitltc, or dlesected. Th* leoalian le ndliidiig. and tl 

tig, 3St. Leaf of Caator-oU plant (Ridiai CDnimuaii). It la palmatdy-cleft, and eililblla esven 
lobaa at the margin. The petiole ia Inserted a UMe abore the bue, and lience Ibe leaf i> called pel- 
tate or ihleld-IUie. 
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undivided, and equally develo]>ed. When they increase more on one 
Bide than on the other, they become either oblique, as in the Begonia aod 
Lime (Fig. 231, p. 105), or eligbtly unequal at the baee, as in Senna 
(Figs. 252-255) ; and when the cells and vessels increase and elon- 
gate, only at certain points, divisions take place in the mai^n of the 
leaves, and in the substance of their laminae (Figs. 264, 267, 268). 

174. In the cLrcumscription or margin of the leaf, the following 
varieties occur : — Entire, without any divisions (Figs. 252 to 255) ; 
crenate, with superficial rounded divisions (Fig. 256) ; serrate, with 
acute points, arranged like the teeth of a saw (Fig. 247, p. Ill, and Fig. 
257) ; dentate, with similar pointed projectiona, not arranged in a saw- 




r (edges of Fig. 297, 6, p, 128, and Pig. 327, p. 139) ; re- 
pand and undulated, when the margin is wavy and Binuous, or, as it is 
often called, crisp, as in curled dock, and other curled leaves (Fig. 258) ; 
sometimes, as in the Holly (Fig. 248, p. 112), the leaf is undulated, 
with spiny teeth. When the apex of a leaf is blunt and rounded, it is 
called dituse (Fig. 253); when sharp, and forming an acute angle, it 

i'ig. SSS. LcavH of water Ctowfoot (Raivindm aqualila), a, llmc-lobed aontiiig 1«bC t. FUI- 
Ibrmly dlssctfcd BubmerRed leavi». Tbe veulian ia radJaUne. In the eubmaE"! leerei the seg- 

Fig. 2aa. Floivering slallis of NigeUa aaliva, with fllUbnnly dissected leaves, having capiUaty Mg- 
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is acute {Fig. 234, p. 106). The apex is abrupt or truncate, when 
it is terminated by a etraight traDSverse line, as in the Tnlip tree (Fig. 
259); retuse, when it is rounded and slightly depreBsed; emargi- 
nate, when there is a deficiency or notch at the apex (Fig. 254) ; ob- 
cordale, when the deficiency is very evident, and the lobee large, so as 
to resemble an inverted heart on cards. When the apex is drawn out 
into a long point, as in Ficus religioBa, and Fellitery, the leaf is acumi- 
nate or pointed (Fig. 260) ; when the apex is blunt, and preBente a 
stiff hard point, it is mwronate (Fig. 297, a, p. 128). 

175. When the aubatance of tjie lamina is divided to about the 
middle, the terms cleft (in composition fd) and lobed are applied ; and 




when the division extends to near the base or midrib, the term par- 
tite is used. These divisions, occurring in a radiating- veined leaf, give 
origin to the terms, bifid (twice cleft), trifid (thrice cleft), as in the 
leaves of some saxifrages (Pig. 261), quinquefid (five cleft), and muUi- 
Jid (many-cleft) ; also to the terms bilohate (two lobed), trilobate (three 
lobed) as in the floating leaves of water Crowfoot (Fig. 265, a), &c,, 
when the divided portions of the leaf are large ; and tripartite 
(Fig. 262), quinqueparlite (Fig. 263), and multipartite, when the di- 
visions extend to tiie base; palmate (like the palm of the hand). 

Fig, XI. Pediti laaf of flUnkliis UeDabon (HellOomi fitHimt). The venHtlDD la rHdlUing. It 
l« a palmUdy-pattU l«f, In which the Meat lob« sn deeply diTldel. Wtien the luf buiEi down 
itreHib]HUHfi»tor>bM, ond hance tlia name. 

Fig. !«S. A linniitl-piiittte leaf of b ipwlH of Poppy. The leaf la 
ilaiiltiiteplacelatenllyuiiitar the midrib. The BCgmcnu an plnnatli 
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when there is a broad lamina, divided into five parfe, as in some 
species of Paseionflower, in palmate Khubarb, and in the Vine (Fig. 
152, p. 64) ; palmatijid, or palmately cleft, when the divisions are more 
than five, as in Castor oil (Fig. 284, p. 117), The terms palmate and 
palmatjfid are, however, often used indiscriminately to mark a leaf 
havinp^ a broad portion like the palm of the hand, and either five or 
more lobes. When the parts of a palmatifid leaf are narrow, like the 
fingers, the term digitUobcd, digiti-partiU, and dissected, are applied ; 
and when they are cut into thread-like divisions, as in the submerged 




leaves of Ranunculus aquatilis (Fig. 265, 6), and in Nigella arveneis 
(Fig, 266) they are said to be fiiiformly dissected. The term pedaie 
(like the foot of a bird) is applied when the lateral divisions of a three- 
lobed leaf are again divided, as in stinking Hellebore (Fig. 267). 

176. In a feather-veined leaf similar divisions give origin to the 
terms pinnatiHd, with large lateral divisions, as in the Oak (Fig. 269) ; 



peduncalataj, shew 



Fig, 27a LjToto leaf of Ti 
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pectinate (oomb-like), with very narrow diviMons ; pinnatipartile, when 
the divieioiis extend tfl near the midrib (Fig. 268) ; pmnately-divided, 
when the divisions extend to the midrib. When the primary divi- 
Bions of such leaves are again subdivided in a similar way, the terms 
bipinnatifid and bipinnatipartite (Fig, 268) are applied ; and when 
not only the primary, but also the aecondary segments are divided in 
a similar way, the terms Irtpinnatijid and trtpinnatipartite are used. 
In a pinnatifid leaf it sometimes happens that there are few divisions, in 
consequence of the lobes at the apex or base being united, thus giving 
rise to the li/rate leaf (like an ancient lyre), with a large terminal lobe, 
and segments becoming smaller as they approach the petiole (Fig. 270) ; 




>%.371. Fin.2T3. 

and the panduri/orm, when the lobes have a recess or siniis between 
them, so as to make the leaf resemble a violin. When the divisions of 
a lyrately -pinnatifid leaf have acute terminations, and point down- 
wards, as in the Dandelion, the term runcinate is applied (Fig. 2T1). 

177. In the case of reticulated leaves, the angle which the veins 
form with the midrib, and their comparative lengths in different parts de- 
termine in a great measure the contour of the leaf. The following 

Fig. 171 Rnncinile lur or DBUdFlJoa iLranloiha 7\.niiiinim). It [■ s pUinatlfid Ih^ with UiedS' 
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are some of the usual termB employed : — Linear {Fig. 272), when the 
leaf ia narrow, and the veins proceeding from the midrib are very 
short, and nearly equal. When linear leaves are sharp-pointed, as in 
Fines and Juniper (Fig. 273), they are called accrose, luid the plants;, 
on this account, are called by the Germans needle-trees (Nadel-hSlzer) ; 
when linear leaves taper, Bo as to be like an awl, they are called 
subulate ; leaves are oblong, when the veins from the midrib are longer 
than in linear leaves, but etill nearly equal, and the apex is rounded 
(Fig. 274) ; rounded (Fig. 23G, p. 107, and Fig. 313, p. 134), aval 
(Figs. 276 and 278); and elliptical (Figs. 277 and 279), when the 
veins from the centre of the midrib are longest, and the forms i^ 
proach more or less to the circle or ellipse. 

178. When the veins coming off from near the base are the longest, 
and the leaf has the shape of an egg, it is called ovate (Figs. 275 and 
288, a) ; it is obovate (inversely egg-shaped) when the veins at the apex 
are longest, and the leaf is thus like an ovate one reversed (Fig, 254, p. 
116) ; when the apex of an obovate leaf is straight, or not uniformly 




Fig. 274. 



Kg. «6. Fig. U7S. 



^form (wedge-shaped), as in the lower leaves 
of Saxifraga tridactylites (Fig. 261, p. 117), and in the segments of 
the leaf of Aconite (Fig. 263, p. 117) ; when an obovate leaf; with a 
round apex, tapers to the base, as in the Daisy, it is called spathulate ; 
a leaf is lanceolate (Figs. 255 and 280) when the veuis near the base 
are longer than those above and below, and the leaf tapers towards 
the apex ; ovato- lanceolate, when the general form is lanceolate, but 
the base is broad (Fig. 252, p. 115). 

179. When the lower veins come off at an obtuse angle from the 

F)g. a:*. Oblong loaf of BUddor-Mima Walalta aAoraccni). It approgchea to tbe o-al ftinii, 
but tha ends ve blontfr. 

Fig. KB. Ovatea™t8le»fnrCort4rl»injTtlM]».oiieof UnndiillBMUotuof Senn*. Scalds the 
midrib there ue twn tntramBrginal ribs whloh conTerge to Itac apex. The leaf is theretore trioosUIe. 

Rg, »& Oral tricDBtUe leaf, -wim sn aimte point. 



Flg-2i 
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midrib, and are curved back bo as to form with the parenchyma two 
large round lobes at the base, with a narrow recess or sinus, like the 
heart on cards, the leaf is cordate (Fig8. 281 and 282) ; it is 
renifo7-m when the recess is large, and the contour rounded, 
BO that the leaf resembles a kidney (Figs. 256 and 283) ; 
sagittate, when the lobes of a cordiform leaf are acute, bo as 
to resemble the head of an arrow, aB in the Scammony plant 
(Fig. 284), and other species of Convolvulus (Fig. 285), as 
well aa in Sa^ttaria ; hastate, when the lower veins proceed 
nearly at right angles, and form two lateral narrow lobes, as I 
in Bumex Acetosella (Fig, 286) ; auriculate, when the lobes 
at the base of a hastate leaf are separated from the lamina, 
so as to be distinct segments ; deltoid-hastate, when a hastate 
leaf is short, and resembles the Greek letter delta, as in Ivy 
(Fig. 288, b). Sometimes a leaf cordate at the base (nest the 
petiole), has a rounded contour, and it becomes rotundato- 
eordate (Fig. 287). 

180. The lobes at the base of leaves are Bometimea united moi 
or less completely, thus giving rise to the peltate or shieldlike form, i 



■\ 



Rg. 281). 



in the Indian CreBs (Fig. 289), and Castor oil (Fig. 264, p. 117), 
and the orbicular fonn, when the petiole is attached in the centre of a 



Fig. SSO. LanceD^Bte leaf of Privet {Ugialnaii vulgBrc 



td esdi extremity. 
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large roimiled leaf, as in Pennywort (Hydrocotyle vulgaris), and Vic- 
toria regia (Fig. 236, p. 107). 

181. Very STicciilent leaves, with obscure veins, assume certain 
thickened forms, bo as to become cylindrical, conical, sword-ahaped, 
and axe-shaped. These are seen in some species of Fig-Marygold 
{Fig. 290, «). 

182. The same terms are appUed to all simple leafy appendages, 
and to the varions modification b of leaves forming the parts of the 



flowei 



183. Simple parallel -veined leaves usually have their margins 




entire, especially when the veins converge. They assume some of the 
forms already noticed, such as linear (Fig, 154, p. 65, and Figs. 291 
and 292), oval, elliptical, oblong, ovate (Fig. 15G, p. 65). It is compa- 
ratively rare to find any marked divisions of their lamitMe. When the 
veins diverge at the base, or come off at obtuse angles, we meet with 



Fig. 334. SeglltotD {Am 



rehnped) Imvmo 
another apedes of 
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hastate, sagittate (Fig. 158, p. 67}, and cordate forms (Fig. 293), aod 
their various modifications. In some Palms, where the veins run- 
ning in straight lines diverge, the margin of the leaf is cut into linear 
segments of different lengths (Pig. 243, p. 109). In some Monoco- 
tyledons the leaves present a reticulated venation (Fig. 326, p. 139). 
Such plants are called Dictyogenous monocotyledons. 

184. Compound Leaves. — These originate, like simple leaves, in 
the form of undivided cellular projections from the axis. When 
folly formed, they consist of laminte divided down to the petiole or 



, X\. 



Fig. i87. ^t- '*«■ 

midrib into distinct pieces or leaflets, which are articulated, more or 
less distinctly, to the common stalk (Fig. 299, p. 128). These leaflets 
(foliola) are either supported on stalklets of their own, or are sessile. 
Compound leaves may be reduced to two well-marked forms ; those 
fonned hy the divisions of a feather- veined unicostate leaf, and including 

Rg. ass. HesUite (Halbai-iluped) luf of Sbeop's soiiel {Baiiux AcctouUa). The lobes at Uie 
ban are in Uila ipcdmai unequal. 

Flu. 3S7. Boonded leaf of Mallow («nlw roltntdifBli<i). It l« toidato at Ihe buo. and l> iteace 
The mareln la looOiBd and crenale. 
* andleafof Iiylflnin-aHtfi*!- The leaves, n, on Ihe llowering branoli are ovaM 
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the various pinnate foraiB {Fig. 294) ; and those traced to the division 
of a radiating- veined multicoBtate leaf, including the various digitate 
forms (Fig. 295.) 

185. When there is a distinct midrib giving off primary veins 
lateral)^, which are covered with parenchyma in such a way as to 



\ 



Pig, MO. Rg. 2W. 

form separate articulated leaflets, the leaf is pinnate, i 

294, which represents a compound leaf composed of r 

of shortly petioliLted pinnte, and an odd leaflet at the end. it a pm- 

nate leaf ends in a pair of leaflets, the extremity of the midrib being 




Fig. 2S3. PBltaU (Shleld-lil 



3f Indian Cresa (TVqfizii/iiiii n 



the pedok la ultachol In the c«iDe, [he leaf 1h 

F\g. Wit. FslcUbna (Klmitar-Uke) lesiu at 
firmi). The lekT» aie lle«hy anil raocnleia. 

Flg.291. UnurleaTDrnbuttlViliniiN). 'llu 
notdltiiliid. TheitalkorthelediheatJwellieBti 

Fig. US. Uneu mbnlnte ieavo of a Und or i«ed (Cfprnu aculatlui). It la a moooootyledu- 
■ova plant. It li auppiiKd to be the Bebnnv ^chii, tnnalited flait io Jub. vUl. 11. 



■ ipeclea of FIg-Marygold {Mamtrftnllumimfald- 
ia la parallel, and the ntaj^lu of the leaf is 



, Google 



COMPOUND LEAVES. 127 

either leafleBB or ending in a tendril or poiat, the leaf is said to be 
equally or abruptly pinnate (pari-pinnate), as seen in Figures 'J96 and 





297. When there is a leaflet at the point, the leaf is said to be un- 
equaHi/ pinnate (impari-pinnate), as in Figure 294. When a lyrate 



Rg. 293. Cotdatt l8 
Fig. Mt. Imparl-pls 



Hg. 205. BepteDate lea/ of the lIonA-ch««tniit {Xttmlug EippoaatanwH)- Sacb laavAB, eflpecUUjr 
rben Ibere are flv« lesflcte, us called dIglUM. 

Flg.298. KnoBlBdleafof Lathynia. The pettola 1« wtaged. Two plnius are deyelopcd, the reil 
uQ tmufonned lntx> teadills. The leaf fa Bald Co be porl.pliuuita, altfaough, morpbologi^slly coii- 
idered, It Ib Impari-plnnate. The leaf has teml-saglttBls (half BiTow-ihap«d) idpnlea ai the baae. 
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leaf {Fig. 270, p. 120), becomes tnily pinnate, (. «., has its divisioDs 
articulated to the midrib, it is lyrately-pinnate ; and when the leaflets 
of a pinnate leaf are of different sizes, the term interruptedly-pinnate 




ia applied (Fig. 298). Some parallel -veined leaves, as those of the 
Coco-nut, Date, and Sago Palms, are pinnate, 

186. The number of pairs (jnga) of leaflets in a pinnate leaf 

Fig. 997, (lon-eiidg Metn of toDuncm Pea (Pi'iKin tativum). slicwing on eqaaUy piniuu (paii- 
plnnate) lesr. There ue three pairs of Icafeu. uul above these, Ihree pain of teodrili, Kllhanodd 
lendril at fJie extremity. TlieM fendrila ore oicKUtted or tranifonued leavea, and tberefbre. morpltO' 
logii^Jy. Uie leaf eKould Ije callfd iiopari-plDnAte. AtUieboEeQrUieleaTtlierearotwolar^RtipuJBB. 

Fig, 2»a. lutemiptetUy-pinnaM leaf of Agrimony {Jgrimoma Eiipalaria). Ibe leafleta an of 
dUfetont aiie., Borne email, olhcra large. There are atlimlea at the base. 
Fig. 299, I'lnnatelearofMelllot (,l/fii7ofuii#ciRafu), GOD 



ca joid to be [iljiaaUdy-trlfbUolate. Adhereut 



le pdDt, >i 
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varies. There may be only three leaflets (Fig. 299), in which case 
two are lateral, and one is terminal. Such a leaf approaches to the 



Fig. SOO. Tig. SOS. 

temate leaf in the radiating venation (Fig. 302), and is distinguished 
hy the distance intervening between the two articulated lateral 

T\g. 300. UplniuU (doubly pbinitc. twtcs Tdmute), leaf or QledJUctala trlacantho. Eich of tha 
[iilmary (dniw ii dliUed Into small leaflet*. It m^ be g^d to be « plimMe lest »ltb tbe lufleU 
■]» plnnit*. When the imaU leaSeta are dMded the leaf becomea tripbinite, uid itOl ftuthar 
divltioDB rmder H decoiupoiiDd. From the axil of the leaf adBee a bod, b, whScb la tita^onaed^ 
» 4fl to produce three ifJnce Id place of leaTca. The bud ia all^tly extra-axDlazy by adhealon. 

rig. Ml. Triplnnala loaf of Meadow Bne (TluUctmni). The priniaij Tstna coinliis efffhun Iti* 
D^dfEb an not covered with parenchyma, neHhei an Che aecondaiy rdna, but Che tartdary valna 
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pinnte, and the termmal one. Wlien the kafieU of a pinnate leaf 
are divided into separate pieces or pinnules, the leaf becomeB bipitmate 
(twice pinnate), aa in Figure 300. When the Bub-divifdon takes 
place to a further extent, the leaf becomes either tripimuite (Fig. 301), 
or decompound. 

187. Compound leaves referred to the radiating venation, i. e., 
multicostat* with diverging ribs, are distinguished from those referred 
to the feather- venation, by the leaflets coming off from one point 
When the leaflets coming from one point are two, the leaf is binate or 
unijugate (one pair) ; when three, temate or irifoliolate, as in Wood- 
sorrel and Strawberry (Fig. 302) ; when five, quinate or quinque- 



Mg.goa, 




IS in Hemp (Fig. 303) ; when seven, septenate or septem- 
s in the Horse-chestnut (Fig. 295, p. 127). When the leaf- 
lets are five, the leaf is often called digilale. Similar forms may 
occur among pinnate leaves, bat is them the leaflets will be seen not 
to come off from the point of the petiole, but at certain disttmcea from 



le Biil of tli« leaf a dDMei of 



il l«BM> iwuiUiig. and Xbt termini 
lua lodlcAtcfl Ita compound nature. 
lOS. Trttonuc lasf of Bsne-berry ( 
ride Inio time McODdHy tcIiui ; ui 
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each other. We have already seen that trifi)liate compound leaves may 
occur in both eeries. Some diBtinguiah the two fonnB by calling the 
one (Fig. 302) digitaUly-irifbUolate, and the other (Fig. 299) pimiaUly- 
trifoliolate. In the case of a temate lea^ the two lateral leaflets may 
disappear, ^rhile the central one remains articulated to the petiole. 
Some consider this as being the case in the Orange leaf (Fig. 304), 
which is therefore looked upon as a compound leaf with a single jointed 
leaflet. A temate (trifoliolate) leaf may divide in such a way as to 
form three leaflets on the secondary veins proceeding from each of its 
primary veins, and thus become bitemate (doubly tamate) ; while a 
further sab-divisioD, in a similar way, will render it tritemaU (triply 
temate), as in Figure 305. 

188. General summary of facte connected with the venation and 
conformation of leaves : — 

I. Leaves are eitlier DetUd-veined (reticulated), or panllel-veined. 

S. Leaves hsve dthei a single midrib (nnicoitiite), or several riba (multicostale) ; and 
llie latter are eHher radiatiDg (apreading out fh>m me point), or coDvergent. 

3. Dnicostate leaves have vdoa pro««diiig at different angles from various pointa of 

the midrib, and atranged mote or lees like ihe paiti of a feather. 

4. The confonnation of leaves depends partly on the venation, and parll; on the mode 

m which the parenchyma is developed. 

5. Leaves are either simple, i. t., composed of one piece, or compound, i. «., composed 

of one or more articulaled leaflets. 

6. Simple leaves are either entire or divided into segments. When Ihe diviuons are 

snperfidal, they ore dentate, serrate, or crenate { when the divisions are deeper, 
cleft or parljte. 

7. Simple unicostate (one-ribbed) leaves having their parenchyma cat laterally into 

various lobes, and so that the divinons extend to abont the middle of each half of 
the lamloa, exhibit pinnatifld, pectinate, paadnriform, rimcinate, and lyrate forms ; 
when the divisions extend nearly to the midrib the fOrm is piimati-partite. 
S. Simple mulUcostate (many-ribbed) leaves, with Uie ribs divergent, when cat longitu- 
dinally into various lobes, the divisions extending to about the middle, exhibit 
palmalely-cleft forms ; when the divisions extend to near the base, the forms are 
palmately-partite or dissected, 
9. Simple leaves, with convergent ribs, are rarely divided deeply, and such Is also the 

case with parallel-veined leaves, the mai^^ of which are cjten entire. 
10. Simple leaves, whether unicostste or mntticostate, with lobes or divinons at their 
base, exhibit reniform, cordate, sagittate, and hastate ibrms ; with lobes or divi- 
sions at their apex, emirglnate and obcordate forms. 

II. Compound nnlcostate leaves, having the parenchyma divided laterally into separate 

articulated leaflets, exhibit pinnate, bifunnste, triplnnate, and decompound forms. 
12. Cranpound multicostate leaves, with divergent ribs, having the parenchyma divided 
longitudinally into separate articulated leaflets, exhibit the temate, qualemate, 
qulnate, and digitate forme. 



4. PETIOLE OR LEAF-STALK. 

189. The stalk supporting the blade of the leaf is denominated the 
Petiole (Fig. 306, p). It is absent in the case of semle leaves (Fig. 
232, p. 105) ; and, in certain instances, the distinction between 



.y Google 



132 



PETIOLE OK LEAE^^TALK, 



the lamina and the stalk is not well defined. The petiole consists of 
a definite nnmber of vascular bundles enclosed in a small amount of 
■ parenchyma. The vesselB are woody, dotted, spiral, and lati- 
ciferous, and they are derived from the internal part of the 
IS shewn in Figure 307, where the vessels, fv, Burround- 
ing the pith, m, are traced into the leaf-stalk, /. 
J L ^^'*' ^* ^^^ point where the vessels leave the stem there 

j^ is often a small enlargement (pulvinns), composed of cellular 
tissue (Fig. 307, c), and an articulation or joint When the 
leaf dies, it separates from the stem at the joint, leaving a 
mark or scar (cicatrix, cicatricula) in which the ends of the 
different vaacular bundles are seen arranged in a definite order 
* j^ (Fig- 308, b). The form of the scar, and the arrangement of 
I 1 the bundles, differ in different plants, and famish, in some 
instances, distinct characters. The number of these vascular 
Fig. SOS. bundles, and their mode of distribution, determine, in some 
measure, the phyltotasis and conformation of the leaves.* In the 




Y\%. SOg. %, 307, Fig. 30*. 

fig, SOfl. Oval leaf of Peai-Oee {Pymi fommwiu) ; I, laraina dt bltidfi. vLtta prlmRj? Ttim 
oimliiK oUtAum (he njidiih, mid wltb a, (emted ma^ln ; p. petiole or leif-BUlk. wllli TlnUght vena- 
tion ; A BtipDlH, « snail leBTH at tbe base of tiie petiole. In the aiU of (he lut i <,, the ui|^ 
yAam It^dni Uie >tem. a bud li Ken, 

Fig. 807- Section of mtan, and the origlo of a leaf, ehewlng, m, ocDoIai jdlh; /b, TaKolarbnn- 
dJOf whIAieDdsoffabTuich to (he leaf-atalk; pc,pc, tiie parencbyma of ti» etom and petiole; 
c, cellnlvswelUus at (he b«K of tiie petiole, called pulvinns or duhlan; aboce 11 I 
between the petiole and Mem ; h, bad In the axil of the leaf. 

Fie. 808. Stem, irlth B tsnnhial bud, i, and lUenl hod, b. At the lower part 1b aeen the 
(dcatricnla), left bj the Adlen lea^ and in It ate obMrred the Taacnlar btindlea. 

Fig, 309. Stem of ■ fbaall plant of (he coal Epoch {LtpidadnidTOn iltgim). ihewlDg scara a 
rewJf indlcatiag the placea vhen leavea eclated. Tbe form of (be markingB is cbaracteriatlc of 
genua, and tbe name [a derived from tli^ scaly appeanmn. 



* LfsUbondola, Fhjllotaiie Aj 
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caee of many Palms, and of Tree-ferns (Fig. 204, p. 93), the bcoib 
left by the leaves are very coDspicuons ; in fossil plants important 
characters are founded on them (Fig. 309). 

191. When there is no articulation between the petiole and the 
Htem, as is the case with many Endogens, the leaf is continuous 
with the axis, and is not deciduous, but withers on the stalk. In 
many Liliaceous plants (Fig. 90, p. 38), Orchids (Fig. U3, p. 60), 
and grasses (Fig. 291, p. 126), the leaves during their decay continue 
attached to the plants. In compovmd leaves there is usually an arti- 
culation, where the leaflet or leaflets join the petiole (Figs. 310 and 
311). At this joint also a cellular swelling (struma) occurs. In 
many plriDate leaves, as those of the Sensitive plant (Fig. 313), the 
axial and foliolar joints and swellings (pulvinus and struma), are very 
evident, and appear to he connected with the folding of the leaflets 
under certain conditions. In teraate leaves, such as those of the 





Wood-sorrel, similar swellings are often seen. Where the petiole joins 
the blade its vessels diverge, so as to form the ribs and veins — the vas- 
cular bundle which continues in the direction of the stalk being the 
midrib. The epidermis of the petiole has few stomata, 

192. The petiole is usually either round, or half cylindrical, with 
a flattening or grooving on the upper surface. In the Aspen (Fig. 
313), it is compressed laterally, or at right angles with the blade, and 

Fig, aiO. LeatotOange [Citrut Juranlium). libe^ng airligfd petiole, p, nhkliig articulated to 
thb haaiOA, t. It Ifl conHidBml a compoond leaf, haTln^ only one leafl^. 

Fig. 311. Compound leaf of moving plant of India {Damodium gynmi). There is a swelling 
(pnlTinna), vlierethe leaf-italli Joint the stem, and another avelliDg (stnuna) at the base oF each of 
t^ leaflets. The leaf is nncqually pinnate. The odd Ica^t, a, at the end is large, the tvo pairs 

pnlThinB at the haae of the leaf-italk. 

Fig. SIS. Branch and leares of the SenMtiTe plant (Miraa padicaj. There are distinct jointH 
and ewelUngfl at the haae of the petiole, and at the ba^e of each phua. The leaf is bipinnate, and 
eihitdts aiitlnct movementa when touched. Some look Dpon the leaf as a digitate one, vith fuiu 
tdnnate leaAets. StipnIeB, with pnlTinns, ere seen at the pohits where the leat-atatka Join the ttem. 
Lear partUUT expanded, a. Leal folded, with depiMsed petiole, h. 
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heoce the trembling of its leavee from the Blight«et breath of air. 
When the leaves of a plant float on water, the petiole is sometimes 
distended with lur cavities, as va the Water Chestnut (Fig. 314). 
The edges of the petiole in plants Buch as the Orange (Fig, 315), the 
Qnaesia plant (Fig. 316), Venna' Fly-trap (Fig. 237, p. 107), and the 
Sweet Pea, and other speciesofLathyrus (Fig. 296, p. 127), are bordered 
by a leaf-like expaoBion called a witig, and hence tiiey are denominated 
iinnged or bordered petioles. Such leaf-stalks are occasionally united 
to the axis for some extent, and thns become decurrent. In many 
Endogens, especially graeees, the leaf-stalk forms a sheath round the 
stem (Fig. 317) ; this sheath in grasses terminates at the opper port, 
in a process called a ligule, as seen in Figure 317, where g is the 
sheath (vagina), / the blade of the leaf, and lig the Ugule. In Umbel- 



liferous plants the petiole is expanded, and forms a conspicuous sheath 
round the stem (Fig. 318). This sheathing portion of the petiole is 
formed by the divergence of the vascular bundles'on either side. The 
vessels thus surround the etem, and are covered with parenchyma. 
This petiolary sheath may he considered as a modification of stipules. 
193. In Bome Australian plants belonging to the genera Acacia 
and Eucalyptus, the petiole is flattened, and becomes a foliar expansion, 
which occupies the place of true leaves. Such petioles have received 

Ffg. 31S. lokVM and floworing bmndi at Ox iapen {fofuliu tramU). The peUols l> (UUtSMd 
iBUnllr, sod albn the IwTU to mm easily In the irbuL Hence the pUnt la called tnmblinf 
PopUr. Tbeluveiarerntind andUMthedst the margin. It «pp«an to be one of thepluta ll- 
ditded to (he lemu Bata and Biaam, and tnnriated Uulbarf treea In Salptan <2 Sam. v. 13, M; 
1 Obron. ilv. 14. \l\ ■]» Pulm IiiiIt. S). " Itie Bimnd ot a going on the tope ai tbeHolbaTjr 
lree«," li conddered ai rehiring to the moMlity of the Poplar leaTta, The flowari an In a 

Fig. SI*. Plant of Water-cheatnnl (IVofUM 



.y Google 



PHVLLODIA. 



135 



the Dame of Pkyllodiu. The trees bearing them pve a. peculiar cha- 
racter to Bome forestB in New Holland. These phyllodia are uaually 
placed vertically, pregenting their edges to the aky and earth, and their 
venation is parallel. They occasionally bear pinnate or bipinnate la- 
mias, and in such cases they are frequently much narrowed in their 
dimensionB. In Figure 319 a bipinnate leaf is repreaented, with ite 
flattened petiole or phyllodium, the venation of which is Etraight. On 
the Bame tree may be seen naked and leaf-bearing phyllodia. By 
this, aa well as hy their venation, their petiolary character is deter- 



7 





mined. Trees producing naked vertical phyllodia only have a singu- 
lar effect as regards light and shade. Travellers have noticed this in 
some of the Australian forests. Some shrubby species of Wood-sorrel 
exhibit phyllodia, which are either naked, or bear temate leaflets. 



letlolcB, i3i]l1i:d to tho TaminAby ajoint They >re compomid leavet 
>lth euh petiole. The flowen are ibcwn both In bnd 
rltii (he fire petBlfl gpread ddL 

Fig. SIS. Howerlng bnincb of Qdu^ pltmt (Qirau 
ind the petiole la winged. The flowerfl are airangvd Ir 



nljuni). The leava exhibit winged or 



, Google 



FBTLLODIA. 



These phyllodia are of)«n placed like leaves with their flat BTufaces 
towards the sky and the earth. The peculiar narrow leaves which 




Fig. 319, Pig 318 

occur in certain species of BanunculuB and Bnpletinim ma; be consi- 
dered as petioles of this nature not producing kminte 

I a proceifl, Uf, oiled 



m(PM)w 



C Tbe itwatliliig pedcde, g, endliig In 



mUgnle; Ihs blide or the lut I. 

ng.SlS. FlowirlngBU1karDUl(jHltiu>fniHalM(). The iHf li dlTlded Into linear ngmenU, 
ud ih9 pfldoLfi la broad and alieattiiDgt md eadi iD two pn^JecUng pnceiau at tfao ba» oT tbo dl- 

the wmM of ParldadlBm. TheSowSBinamngtdtaiacaiDpamid nmli^ TbertiatlM the Amliim 
Duotioiiel In UatUL ntlL SB, and tnmilMad win. 

Fl^^Sm Luf«f aa Acada (Jcaria ieien^jfllat^ from th« ialmnd cf Bcorbon, shewing a flatleoed 
luMlks pMiole, p, caned a ph^llodliini. wllli straight TensUon. and a biplnnate lamina, I. la many 
Acadai tfaa landaiB an ftvantlng, and pb^DodSa only bm prDdnced. i3n that account the name o( 
laaflflM Acadai haa baen gIvfiQ. 
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6, STIPULES OE STIPULAEY APPENDAGES. 
194. Stipiiles are leafy appenda^s situated at the base of the 
petiole, and having normally a lateral positjon as respects the leaf. 
They have UBually the same structure as leaveB, and, in some instances, 
as in Lathyrus Aphaca, they constitute the only leaves which the plant 
produces. In the pansy (Figs. 320, 321) they are as conspicuous aathe 
ordinary leaves. In the Pea (Fig. 297, p. 128) they are also large, 
and in many of the pea tribe (Fig. 296, p. 127), they assume peculiar 
aa^ttat« formB. Stipules are not present in all plants. Those having 
stipules are called stipulate, those without stipules are exslipulaU. In 
the claeeification of plants the presence and absence of stipules supply 




Fi?. 821. 

distinctive marks. At a certain stage of their growth stipules are 
usually larger than the leaves or leaflets produced before them. Thus 
they serve as a protection to the leaves in the young state, aa in the 
India-rubber Fig, Potamogetous, Magnolias, and the Beech. These 
protective stipules generally fall off when the leaf expands, 

195, The form and appewance of stipules vary ; some are leaf-like 
(Fig. 321,5), others cirrhose (Fig. 322, s) ; some are small (Fig. 231, s, 
p. 105, and Fig. 306, s, p. 132), others large (Fig. 297, h, p. 128) ; some 
assume a scaly or' membranaceons appearance, others are hard and spiny 

fig. 320. Fuuy {Vtola iTieolor'i, Bhiming tlio oivto-lanceDlsta lesf, and tlie Dtlpulra. pLuxd 
UtwaUj- St the base of the petlola On the (loweiliie stelli b sihmU Boral leaf (bracl) 1b »ea 

Fl^ 321. Leaf of Fumy, I, Bepvoted from thn flotrcr ; the IjTAte-pLunati^d stlpulea, i, ore die- 
tlDcUy TUhle, mi their Utcnl position Is Been. 

Y\g. 323. Melon (Cucuixil MeloJ, with its undulated leaf, and ill ginEle cirrbow Btipnie, I, 
The podUoD of the tendill <Ciittiu| potaile ont its stipniary nstute. Tlds iXLA of stipule ii charac- 
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(Fig. 294, p. 127) ; Bome are separate and free, others are united. In 

this way the nature of the stipules gives characters in many natural orders. 
In the Cinchona bark trees (Fig, 323}, which have 
opposite leaves, the stipules unite, so as to form 
one on each side of the stem between the petioles, 
hence they are called interpelhlar. At the base 
of the stipules of Cinchona, and other allied 
genera, there are numerous small glands which 
secrete an oily and resinous matter (T| 71, 
p. 46). In the Rhubarb tribe, which have 
' alternate leaves, the stipules unite, so as to form 
a sheath or ochrea round^the stem. la the Plaue 
tree, and in the Astragalus, they unite, so as to 
form a lealy expansion on the opposite side &om 
^K'***- the leaf, and in the Rose tribe (Fig. 324), they 

are united to each other and to the petiole, thus becoming adnate. The 

petioles of many plants have a sheathing portion at their base (Figs. 

318 and 335), which may be considered as adherent stipules. On this 



Fig. 8M. %. 3SS. 

account the reticulum, or mat-like substance, at the base of the leaves 
of palms, is often called stipular. Be^des the leaves at the base of the 
petiole, smaller leaflets (slipels) are occasionally produced at the base 
of the pinaw of compound leaves, as in the bean. 

Fig. SS3. A Bpeda of Perurlan baA (ne {Cnehona), shewlii^ opposite Ibbth, with Inter- potloUr 
atipnlei. The flowen «re In ■ ton of corymboM cyme, the fruit, u ahewn In tbe Itnrer flgure, un- 
■lau of two rarpBl* united. 

Flp S24. Branch et tbe Rhk. wHb Bdaete or adherent itlpolei, nnltelt to »di other, and to the 
lower part of the petiole- They on flomethoes coJled Petlolar. The Jeavee are Dneqtially phmate. 
The Ktan ta cotend with bnoked acnlel or pricklei. 

Pis. 3^ Tripaitltfiind MMdleafof CnHfool (fiirnmfliM. wltli the lower put of the petiole 
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6. TRANSFORMATIONS OF LEAVES AND THEIR APPENDAGES. 

196. Some of these traDBformationB have been already noticed, 
but there are others to which it is necessary to direct attention. The 
morpliolo^cal relationa between leaves, scales, and epines — between 
petiole and laminie, and between stipules and petioles, have been ad- 
verted to. All these nutritive organs are sometimes changed into ten- 
drils (cirrhi), with the view of enabling the plants to twine round 
others for support. In legumioous plants (the pea tribe) the pinnte 
are frequently cirrhose ; thus, in Figure 297, p. 128, a pea leaf is re- 
presented with three pair of cirrhose (tendril-like) pinnie, smi an odd 
leaflet, in the form of a tendril, at the extremity of the midrib. So 
also, in Figure 296, page 127, the leaf ends in three tendrils which 
morphologically are to be considered pinnK. Sometimes a whole leaf 



Fig. 3ii. Tig. 327. 

becomes cirrhose, as in some species of Lathyrus. In the Vanille plant 
some of the leaves are frequently changed into tendrils. In Smilax 
(Fig. 326), there ate two stipulary tendrils, while in the Cucumber 
tribe there is a single one (Figs. 322 and 327) at the base of each 
leaf. In the Passion-flower the lateral leaf-buds, and in the Vine 
(Fig. 153, p. 64), the terminal ones become tendrils. 

197. The leaiy parts of plants are also liable to become hardened 
and spinescent. The leaves of some species of Astragalus and Bar- 
berry (Fig. 238, p. 107), and the stipules of the false acacia (Eobinia) 
are spiny. In these instances the vascular bundles are developed in 

ng. 3S8. Lent ud pstiqlB of SmilBi, wlUi two alipularF tenWU, ». The leaf !■ ovate, acuW, 
uid cordate at the bue. The TenBUon la roUculBled, alUiongh the plant i« monooolylodonona. It Is 
iteDomlnated bj liaHej DlctyOfenom on thai aMonnt. 

Fig. 827. Hower, fruit, and leaves of the Melon (nimmii Mtio). The leitoa are ronnded, (ordate 
It the base, the marglii toothed, and the venation rediatlng. Theetlpulelatnneroimed InloatendriL 
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a marked degree, while the parenchyma ie deficient. To the same 
cause is attributed the spiny margin of the Holly-leaf. In the Goose- 
berry (Fig. 328), the swelling (pulvinus) at the base of the petiole, 
and below the leaf, f, assmnes a spinose character. 

198. Changes in the appearances of leaves are produced by adhe- 
sious and foldings of various Idnds. When two leaves unite at their 
bases, as in some species of Honeysuckle (Fig. 329), they are called 
connate, a ginular appearance is produced by the partial union of two 
sessile leaves, as in the Caper-Spurge. When the lobes at the base of 
a leaf unite on the opposite side of the stem from the lanmue, a per- 
foliate leaf ia the result, as seen in some f^cies of Bupleurum, 
(Fig. 330), and Baptiaa. The formation of peltate (Fig. 289, p. 
126), and Orbicular (Fig. 235, p. 107), leaves have been traced to 
the union of the lobes of a cleft leaf. In the case of the Victoria 




leaf the transformation may be traced durmg germination. The first 
leaves produced by the young plant are Imear, the second are B«^ttate 
and hastate, the third are rounded cordate, and the nest are orbicular. 
The cleft indicating the umon of the lobes remains in the large leaves.* 
Many forms of stipules, such aa petiolfu*, interpetiolar, and sheathing, 
are traced to adhesion. 

199. Folding of the leafy appendages, and union of their edges, give 
rise to the formation of a hollow leaf or pitcher (ascidium, ascus). In 
the Side-saddle flower the ascidia are considered as being formed by 
the petiole or phyllode, a part of which, in an unadherent state, is pro- 
ng. S2S. BniKb or aooaebeny (Ribci Ontinlana), ahewlng ibe auhiciii (polvlinu), prodndie 
qiliies, e. Tli»e qiliKi an conaliiered u aa ulUred sUta or the cmhloiL Tbef BriH below the 
icen of the leatH, // ItoinlliAaillBofvtilchbDdBue produced. 

Ftg, 329, Coiuuto leaves of a speclei of HoDsyeDcUe (/«iuc<ni CtfrifoUtm). Two leavea ue 

ng. S30, FertbUate Isa/ of ■ species of BsTe'e-ear (Bupltiavm rattaidifiiliiaK). The two tobta il 



seoflfaeli 



ae through th 



wr, iflctorU regia, or mutraliopi 
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longed Tipwarde (Fig. 332). In the Pitcher-plant there U an e-rident 
lid, imii«d to the pitcher by a joint (Fig. 331, 0- The lid is looked 
apon as the metamorphoeed lamina, articulated to the hollow petiole or 




Fig. 331. Fig. SM. Fig. 338, 

phyllode. It may be said to resemble the jointed leaves of the Orange 
(Fig. 304, p. 130),orDionffia(Fig. 237, p. 107}, with their petioles folded 
so as to adhere by the edges, and their laminte reduced in size, so as to 
form a lid (operculum). In 
the pitcher-plant we perceive 
tranBitions from a winged to 
a rounded, and then to a hol- 
low petiole. Thus, in Figure 
333, the petiole arising from 
the stem is first broad and 
., leaf-like, then it becomes nar- 
^^ row and rounded, and ulti- 

mately it assumeE the form of 
a pitcher, with the lamina in the form of a lid. In an East Indian 
twining pitcher-plant, called Dischidia Rafflesiana, the pitchers are 
considered by Griffith as formed by folded lamins. The hollow (fistular) 
leaves of the onion, and of other species of allium, may be traced to 
the folding and adhesion of the margins of the foliar appendages. 




llDUTOWUld twl9l«d. 

Fig. 3Sa. Pitctier (..^iciJiurn) ofsipeduofSlde-aaddlB plant (Aimiecnuijw^nc 
Is nppoKd to be formed by tbe folded petlDlet which U probqged npworda. There 1 
IM. 

ng. 333. Flowering hrandi of a pilcher-plsilt (Hifailia Oatillaliiria). The peUole, bs It arisfe 
ftom tlie at«in. labnnd andlea^, wltb atnlgbt TonatlDn; It then hecoDusamafl and round, juidcolla 
Bl one pan of lie conne ; nltloKtely it l> folded oo itselC and its marglna oniu u aa to fOrm a 
pitcher; at the montliofwlilcb the landna appears In the fonn of a lid or opercolam. 

Fig. 334. Leaf ofBiyophyllDmcalTddiiai. producing buds along the iDarglii, at the axtnmittu of 
the primuy Tetns. When placed on the ttatacB of mnlit soil yoong plants aie produced at the edgea 
oftheleif The leaf ii called pnliferona 
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200. It baa been already remarked, tliat buds and bulbils (Fi^. 
146, p. 61, and Pig: 163, p. 68), are produced at tbe points where 
leaves join tbe stem. In some instances, however, we find that bads 

are produced from the margins or surfaces of leaves.* In Bryophjllnm 
(Fig. 334), this is a common occurrence, and it is met with in many 
plants of the order GeBneracete, tbe leaves of which, when placed on the 
surfece of moist earth, become what is called jfroZiferoits, or bud-boaring. 
In Nymphrea micrantha buds appear at the upper part of the petiole. 
The leaf of Venus' Fly-trap (Fig. 237, p. 107), when cut off and 
placed in damp moss, with a pan of water underneath, and a bell- 
glass for a cover, has produced buds from which young plants were 
obtained. Some species of Saxifrage, and of Ferns, also produce buds 
on their leaves and frvnds. 

* Trecol, Radiercbet fur l'<trigliifl Aa Bom^fioni adveotUk Ana. dcs Scienca Nht Botan. Sd 
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CHAPTER III. 

REPRODUCTIVE ORGANS OF FLOWEEINS PLANTS. 

201. The flower or Floral organa concerned in the production of 
sd, containing the foung plant, are called Organs of Reproduction. 



In Dicotyledons and MonocotyledonB they are usually obviouB, and 
hence these plants are called Fhcenogamous or Phanerogamous (Fig. 



I A moiB (AffloWa huffromatrita) having at 
i hvio9 cHlled Cirptogiunoiifl. Leayee. /, co 
with 1U CHlrptm, r. sod operculam, 0. 
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335); while in Acotyiedoaa they are ohecare,. and hence the plants 
are called Cryptogamous (Fig. 336), the former being Flowerinff 
plants, the latter Flowerkas. 



I. THE INFLORESCENCE. 



202. This term designates the arrangemeat of the flowers on the 
flowering stem or branch. Flowers are produced from flower-buds, as 




F^. S37- tH- >3S- 

; from leaf-buds. These two kinds of buds have a, resem- 



llg. 33S. IndefinUe flowsfDg itslk of nmpemel (JnafaHit anmiit). 3ii«le flowen. t, ue pro- 
luHd in the axOfl of luTCA, arCAllednrBdAorElonlluveA. Tlie bracts rcKmble the eidhiiu? le*vei 
>f theiAmL Tlis aUik EtmUniiei lo elLmgate, beaidng aiUlai; Sowers. The Inflonucetue Ij Id- 
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blance to each other as regards the anangement and the development 
of their parts; and it Bometimes happens, from injury and other 
causes, that the part of the axis which, in ordinary cases, would pro- 
duce a leaf-bud, gives urigin to a flower -bud. It will be afterwards 
shewn that, morphologically considered, the flower is to be looked 
npon as a shortened branch hearing parte analogous to leaves. The 
flower-bud contains either one or many flowers. 

203. Bracts. — Like leaf-buds, the flower- buds arise either from the 
extremity of an axis, and are then terminal {Fig. 337), or they are 





produced from the axil of leaves called bracts (Fig. 338). These bracts 
are sometimes like the ordinary leaves (leafy or leaf-like bracts), as in 

Hg. 339. Flowoliig stalk of tin White Dend-nelUe (£dmiH> allnmil. The Brads, 1, ue like tbe 
ordiniu; Itsiet of Ibe plant, and prodnn dnsten of flowen In UkIi Bill, The clmten an called 
^ - ■-■ - oag\^ of flowon irhich are produced In a cenlriAigaJ maiiMr, the central one «i- 

e the InSoKaceiice ig definite. The fioweilng italk contiiUHii, however, (o elon- 
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many epecies of Speedwell, Periwinkle, and Pimpernel (Fig. 




where they be&r single flowers, and in the common Bugle, Dead-nettle 

Hg. S4t. Howstag atalk of lEui-ptlm (GtuHzrujul. TtMODWos *n prodacedDiia apadii.^ 
m niccidenl Bpllu, whlcli la Id tblg cSH bruidied, imii all an endoied in ■ ■tasattaliig bnct, a, alM 
aSpttbe. BMlda the gtmerelHhBBtliliigbncl, ItaereareotheniDf KpHtUlnUnre, t. Ltftigai- 
mcDB of Pahn qnUku are In tbe Uubhud oT tha Ed. Botanic Garden. 

ng. Sa. Flciwen of Cockow-plnl (Jnan nunbTtHi), cat Tertjull;, ibewlBg the laccalcnl ipa- 



fV ifaeathiDfrbrmcloT 









:^Db-Bhapfld MJltUarmaH 
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(Fig. 339), aad some species of Veronica {Fig. 340), where they pro- 
duce several flowers. They have the colour of leaves in such in- 
stances, and consist of cells and vesBels, similarly arranged, in the form 
of paTeuchyina, ribs and veins, with epidermis and stomata. 

204. Bracts, however, in many plants, ae regards colour, size, and 
form, present a different appearance from leaves. In Amherstia nobi- 
lis, and in some species of Salvia, they are large, and of a fine scarlet 
colour, BO as to give a marked character to the flowers. In Palms 
(Tig. 341, a), and in species of Arum (Fig. 342, 6), the bracts are large 
and sheathing, and are called spathes ; they enclose aamcrous flowers, 
supported on a common succulent stalk (spadix). In some South 
American Palms, such spathes enclose upwards of 200,000 flowers, and 



they are sometimes twenty feet long. In the species of Narcissus 
(Fig. 343), and Snowflake (Fig. 344, 6), sheathing bracts are seen. In 
Grasses, the bracts constituting the outer covering of the spikelete of 
flowers are called glumes (Pig. 345, gt). 

205. In the case of numerous flowers on a common stalk, the 
bracts are often numerous also, and are arranged in a wKorl or invo- 
lucre, as it is called. An assemblage of involucral bracts is seen in 

Fig. 343. Flowoi of Falyiuitbiu-Nirelina (Simiaai Taallii), banUng th>iD ■ >h«iitbEDg bnn. 
'nie conuDOii Sdwb-bUUi la called ■ k^w, and the Sowen ue anpporud on partial atalka callsd pe- 
dicd& The InBoTMiHKa la rnnhfillala and crmose. The pilot Is auppused to be Uie CluitaaiUth 
of Scripture, treiuUted Boss (Song of Solomon 11. 1; U. nxi. 1.) 

S«. Tloww of spring Snow-Sake (isBcflnmi Ml 
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compoaito flowere, such as the Daisy, Dandelion, and Marygold ( 




Kg.aw. 
346), and in nmbelliferi 



Fig. SIS. 

s plants, sach as Hemlock and Cummin (Fig. 



ag.SK. BidketetofOatUw] 
aiiniia:p<, Uw DuterpBleor ' 
toww- Tbe two pakfl ipclat, glumftlulf) ei 

Kg. 34& Head (Cuidtuluni) of Haiygdld {Calnuhila}. Bhewiog a oingeriea of flowen, /, endoMl 
1^ rowB of brtcla. i, at the base, wblch are coUectivety called an iDTOlocra. 

FIgi U7. OmbelB of Uie Cnimnin plant (Cimiaum CVntnuin). Tbe leava an cat Into flllfeim 
■gmeDt*, iittbebue ortbegenenl Dmbd Itaere are out leave* (tavctl), whtch Rum Ui« genenl 01 
DDivenal Involacre, and at the base of Uw smaller nmbelB (umbelliilea) otbo narrow leavea are aeon 
fonnlDE tbe partUl iDVDliuw. The plant lithe <7iminlnori>iiiunimortbe Old Teatameot (Is. izvUL 
25, Zl), the XniRiiHin of the Ken Testameot (Mattb. uUL 33). Tfhat ire commonlr called Cnmmlii 
seeds aie hi reality the aduenla, or fruit containing tbe seeds. 

Fig. SIB. Calkin lA 
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347). In the last-mentioned plant there are two rowa of bracts in 
each head of flowers, one, a, denominated the general involncre, at the 
base of the large umbel ; the other the partial involucre, or invola- 
cel, at the base of the smaller umbels, or umbellnlea. The bracts 
connected with the flowers, in the catkins of the Poplar (Fig, 313, p. 
134), of the Willow {Fig. 348), the Walnut (Fig. 349), and other 
amentiferous (catkin-bearing) plants, are called scales. 

206. Bracts sometimes fall off when the flowers expand, at other 



times they continue during flowering, and, in certain instances, they 
form part of the fruit. The cup (cupula) of the Acorn {Fig. 350, a), 

ng; 349. Ma]« Calkin (Aiiiennim)i/Wslniit(7ii;loiur(yia),Bli«wliig;iiiinieroiuKtilybncUunoDg 

Fl(. 350. Vnit of the Otik (Qhskw ptdimciilata), ibewliig a coIlHtlon of bncU, a, fonning the 
cap (cnpiiU) of the acorn, h- 

Hg. SSI. Fruit ofthe Hazel r0)rtiJ«>.imt»a;, nbewingbncU which fomi ttae hDskafttie nut 
Rg. Sja. Fruit of the Hop fBumulta LupBluaJ, ihewing scales, t, which ars bracts covering fe- 
Dule Aowen. The Bcalcfl are arranged In a spiral manner like those of the cone. They are soft and 
merDbraDou. The fniH Is compoimd or anthocatpoos, and la called a Sljoblliis. 
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and the husk of the Uazel-uut (Fig. 351] are formed by bracts,* so 
also are the scales of the Hop-fruit (Fig. 352), of the Fir cone (Fig. 
353), and of the Pine apple (Fig. 364). 

207. Bracts are said to be empty when they do not g^ve origin t» 
flowers. ThuB, in Salvia Hormiuum, the top of the flowering axis ends 
in a Beries of coloured empty bracts, and in the Fine-apple plant the 
fruit (Fig. 354) is terminated by a crown of leaves, which are to be 
considered as empty bracts, terminating the axis. The outer row of 
scales in the involucre of some compound flowers are empty bracts, 
which occasionally produce bnds, as in the case of the Hen-and- 
chickens daisy. In Cniciferous plants, such as Wallflower, and in the 
Borage tribe, such as Forget-me-not (Fig, 400, p. 169), bracts are 
very rarely developed, and hence they are called ebracteated. 

208. When an axis bearing numerons stalked flowers arises from 



a bract, there are sometimes smaller leaves, called hractlels or hrac- 
teoleg, at the base of the small flower-stalks. Thus, in Figure 340, 
p. 145, the cluster of flowers arises from a bract, and each flower has a 
bractlet at the base of its stalk. When bracts or bractleta are placed, 
so as to be close to the outer envelope (calyx) of the flower, there is 
occasionally some difBculty in determining what parts are to be re- 
ferred to each of these organs. In the Mallow tribe (Figs. 355 and 
356, e) the outer calyx (epicalyx) seems to be of this nature. When 



Kg. 354. Fruit of rtne apple 
ula. ucli covoral ij a scuJe or hract, 
posed of A HTlea ot empty bracL 
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FLORAL AXIS. 



bracts adhere to tbe flower-atalk and become decuireot, as in the Lime 
ig. 357, 6), they appear like winged branches, giving origin to 



209. FlowerstaOc. — The axis bearing the flower or flowers, is called 
le floral axis (Fig. 335, p. 143, and Fig. 337, p. 144). It is a branch 







coming from a flower-bud. The term Peduncle is that usually given to 
a stalk supporting a single flower {Fig. 358, p), or numerous flowers 



ta npalSt tlien five twtat«d 



Tig. Silt. DEngitun ot tb« flower oftbs MallDW. ghewing U 
lower it,',', Ifae Ihiee pud of the EpEculyi, wltMn which j 
■nd ImbilcaM petals Uten Dnmenne Mamau, united by tfa^ 

fig. 3fiJ. Leaf md itmaiag branch of the Lhne tree (TiBaJ. The bract, b. Ii adherent to the 
peduncle or Dower-etalk. The dowera ara tvranged Id a coryrabcwe cyme, 

Yig. S&6. dowovatalka of the coauuoD red F<qipy fTapavrr RhaiuJ, each bearing Blngle flowers 
(nnLflond). FodnDdeB, p, p, are covered with ■pnadlDg hairs ; the flower-hud. i^, Id tmexpaoded, and 
the ddyx la halrj ; when the Oovo expands, the two BOpalfl fM off, and the foiir petals, /. reouln^ 
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(Fig, 359), which are either sesaile (applied closely to the peduncle) 
as in the catkin (Fig. 349, p. 149), or are placed on Btalks called 
pedicels {Fig. 359). When Uie peduncle proceeds in a Btrught line 
&om the baee to the apex of tJie whole inflorescence, it is often 
called the Raehis, or axis of inflorescence (Fig, 335, p, 143). A 
Peduncle arising from a stem, either subterranean or close to the 
gronnd, and bearing a solitary flower, as in the Primrose and Snowflake 
(Fig. 344, p. 147), in Sowbread (Fig. 360), and in some violets, or bear- 
ing numerous stjjted (pedicellate) flowers, as in the Cowslip (Fig. 144, 
b, p. 60), Narcissus (Fig. 343, p. 147), or niunerous sessile flowers, as 
in the Daisy and Dandelion (Fig. 361), is called a Scape or Badical 
peduncle. In the female flower of Vallisneria (Fig. 362, b), the scape 




Fig. 96S. Fig, 8«). 

is spiral, and uncoils, so as to allow the flowers to appear above the 
surface of the water in which the plant grows. 

210. The Peduncle is usually rounded like a branch, but this is 
by no means its invariable form. Thus, in various species of Butchers- 
broom (Fig. 363), and Epiphyllum, it is a broad leaf-like (phylloid) 
expansion. In the Cashew-nut the pedicels supporting single flowers 
become succulent, and are used as food. When the peduncle bears nu- 
merous flowers, in place of being elongated, it sometimes is shortened 

Fig. Sm. Fedonole or floral axis of Fumltor; {Fumaria qfficinaluj, benring wuneioaB Bowoi 
(midtlflonl). Each flomr Is ittsi^itd to tbe ndiis or florel uU b; a short lUlk ollad i pedicel, U 
tlie base of nhidi a bracelet la produced. The length or this biactlel. aa comptind irllh tbe fsiticel 
of the fruit, li useful In determlnli^ the epedeB of FunKory- 

Ylg. 36H. Cordate lea£ o. and auMiiitil radical peduuclea (Mqxa) of SffRbnad CCuclamm luro. 
jwumj. The flowering Btalka, b, arise from a short thickened undergrooDd 8t«in. The Bc^mentt of 
the corolla in the ojipaoded l^nor, c, are reAexed, In the flower-bud, if, the jestlvatioD Is coatfl' 
live Ombricate and twisted). 
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and thickened, eapecially at its apex, so as to form a broad flattened 
disk, ae in the Thistle {Fig. 364), Dandelion (Fig. 365), a conical 
projection, as in the Daisy, a concave surface, as in Dorstenia (Fig, 
367), or a hollow fleshy pear-like body, as in the Fig (Fig. 366). 
The peduncle is transformed, in some instances, into tendrils or spines, 



at other times its apex is hollowed out, so as to form part of the calyx, 
as in EEchscholt^ia, or of the fruit. Flower-stalks, bearing hairs in 
place of flowers, occur in the Wig-tree (Fig. 368). 



¥]g. S0S. Fluita of YaUlsneriB apinllfl ; the mAlfl plMDt, a, y*\th lU flowcrlns itaJke BpreadlnB; od 
irudA. nifi FecoBle plant, fi, wltb Ltd Howen Bupporl^d on spiral peduodu, vhkb, by Uidi w 
coUlog. wabk ths flowera lo float on the imacB of the WBtm lo which the plant gum. 
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211. The arrangement of the flowers on the peduncle or floral 




Fig. 866. Kg. ser. Rg. ses. 

axis, eshibite considerable variety. The simplest kind of inflorescence 

Fig. 861 Had (capltiiliim) of flowen of the Swtch ThlMle (OtwperdvM Aemliiam). (bewbig 
the pedoDcle. a, with the flattened receptacle at the le|i of It, the InTolncn. i, snd the concaiel of 

Ftg. Site. RecepCule or Battened apa at the nape of DttideUoii {LmioJca Tanxaeim), In a di; 
wtMtat thTowlDf^ Off tba frnlt, a, with Ui italked habi (Btlphate pappoa). The luvolacre^ i, la tamed 
dDwnwtrda (doflsied), la order to allow the natleriDg of tlie fruit, and (Or the aame rcuon the re- 
ceptacle becomea all^tly convex. 

Fig. see. PeduDcle, a, of Doretaoi*, ending in a maiuaorsl coocaTe receptacle, b. The broad re- 



Elg.&tl. FBduacl«,i.ofFlg(IiAi> <7arsai),eiMII]lgiDal 
male and ttomale flowen. 

Elg. SCS. Fioirering braudi of the Wlg-me (AIm Coli 
Hewer, the othere an abortlTe, and we eorered with halia. 



w receptacle, &, 
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(floral airaDgemeut) is that is which single flowers are supported on 
flower-Btalks, as is seen in the Gentianella (Fig, 369), and in the com- 
mon Periwinkle, or in the Pimpernel (Fig. 338, p. 144). In these 
instances there ia a difierence in the mode of floral development. In 
the Gentianella (Fig. 369) the flower, 6, with two leaves at its base, 
terminates the genera! or primary flowering axis, a ; in the Peri- 
winkle and Pimpernel (Fig. 338) the floral axis elongates, produc- 
ing leaves, while the flowers, b, are borne on secondary axes or staUts, 
which are axillary and lateral. In the former cases the axis is ar- 
rested in its growth, and the inflorescence is Definite or DeUrminatt ; 



in the latter the axis is progressive, and the inflorescence is Indefinite 
or Indelenninate. These plants illustrate, in their simplest forms, two 
marked forms of Inflorescence, which it is necessary to bring more fiilly 
under notice. 

212. Indeterminate or Indefinite Inflorescence. — The simplest form 
of this inflorescence is that in which the flowers arise singly from the 

of OsDUsneUH {GmUatia ata-alit). Thepltut prodncea s single Soirar, 
' HI (rf tbe uls, s, bean two leaTea or bncts, e. The flower, 
i. with Its cBlyi Bud mroUe, UmdnaieB the Btta. This Is Itie sbnpleet Ibna of deBoHs infloreaiHnoe. 
ir other Bies are produced In sncbi case, they arise ^m Uie siil of the bracts, e, and ttaaflowenex- 
p&Dd oHer the central one, t, or In what !b colleda cantrifi^al muuicr. Each ails ends hi a soUtary 

Elg. 370. Simple Raceme <a Mignonette {Baida odorala). Tbe dowen ariee singly ftmi the 
acU of brnctletfl, jwd they expand in a cenCrlpelal manner, the lowest opening drat Each flower Is 
luHwited on a pedicel, by which It Is connected with the pedancle or radda. 
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axil of ordinary leaves, which, In this instance, serve the purpose of 
bracts, while the axis goes on elongating and bearing leaves at ita 
apes (Fig. 338, p. 144). Id place of a single flower, however, there are 
frequently' several flowers produced on a floral axis in this kind of in- 
florescence, as is seen in some Bpecies of Speedwell (Fig. 340, p. 145), 
in which there arises from the axil of a bract a cluster of flowers ex- 
panding in an ascending series from below upwards. As the flowers 
in tile indefinite inflorescence are produced as buds in the axils of 
leaves, they are denominated axillary ; and, when numerous, they 
follow the ordinary law of leaf development — the lowest (t, e,, those 




Kg. 371. Kj-m. 

next the primary axis), expanding first when the floral axis is elon- 
gated (Fig. 338, p. 144, and Fig. 340, p. 145), or the outermost when 
the axis is depressed or abbreviated (Fig. 318, p. 13fi, and Fig. 371). 
The expansion of the flowers, in such cases, is denominated centri- 
petal in consequence of proceeding in a progressive manner towards 
the centre or apex. 

Elg. S71. Hud {CapltoluD) of tbe Conunon garden Hai^idd (OiIntAiIa cffidnaUt). The 
floven bare no pedicels, and *K airanged in nninenDi ntwa on a Sattsud pedincia (nneptadel 
The expanrioD of the flowera la centripetal, f. e., tbua wlUiant inwards. 

¥\f. iTi. Simple Raneme oT Craraiit {Riba mhmm). A moUlfloral pedoocle arises fnio ■ 
bract, and bears pedl«llat« flowers. The pedicels (partial flcwer-stalks) sra nearl]r equal in len^lli, 
and cacta arlHS from a bracUet. The flowers mwiett the stem of tbe plant expand lnt, han« the 
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213. Axillary flowers, on elongated and shortened axes, present 
different forms of inflorescence, according as the flowers are stalked or 
sessile, the Btalks simple or branched, and e^ual or unequal in length. 




When the primary floral axis (peduncle or rachis) lengthens and bears 
equally Btalked (pedicellate) flowers, each oripnatlng from a bractlet. 

Fig. 37S. SJm^e indeBiiUs coiymb of a UDd <^ Cheny (Cmtui Maiakii. A nwltlflonl pedmck. 
p, HriMfl from a biAct, and bean pedl«Uata flowen, \hb lomw pedlcela being longer tban tbe npper, 
K that the aowers form nearly a flat Borfoee aljore. The lowMt flowen eipand fint, and hcace Ihe 
order la centripetal. 

Rg. 374. nifioreacenu oT a cmdfercms plant, a Und oT nraatard (£tiiBpli BrimtaUi). In tbe 

frnit-poda {Sifipia) are anpported an tieariy equal pedlwla* while the lowect flonerat In their par- 
tially expanded lUUe, bare the loi^ieat pedicels, and thui form a CDr;piib. The plasl iliawg the 
tianaltlon frvm a coryiDb to a nueme. It la eoid to be tlie CiirnI at the Bible, Iranalated nettia In 
the withorliHd yenlon (Job. m. T : Fnn. ul>, 30. 31 ; Zeph. U. e|. 

fig. 37J!>. Simple umbel of the Cherry ifrantu Ctnttut)^ The Aowera are pedlceUato, and Biiae 
than a onnmon polot, nuroimded by brvcta, the pedicels bebig aearly equal. The flowen expand 
nntilpecally. 
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a rac&ne is produced, as in the Hyacinth, Barberry, Currant {Fig. 
372), Mignonette (Fig. 370), and Fumitory (Fig. 359, p. 152). In 
this inetance, the lowest flowers, i. e., those nest the primary axis, are 
first expanded, and the others follow in auccesBion from bsRe to apex. 
When the raceme has the lower flowers supported on longer stalks 
than the upper, in such a way that all form nearly a level top, as in 
the Hawthorn, and some Hpecies of Oerasus (Fig. 373), a corymb is 
formed. In Craciferous plants (Fig, 374), the flowers, when first 




produced, frequently appear as a corymb, and when the floral axis 
elongates, they form a raceme. If ^e primary axis of a raceme is 
shortened, so that the floral stalks all proceed from apparently the 

ng. STC Compoiuid umbel of Conuniin Dll] (Jmliim fmnwlcin), having both pilmaiy and 
Hconduj' timbell, witboat tiUier Imotncn orlnvolnoeL Tbe petiols oCtha IcaTli la^e and ihaUi' 
iDg. and hai been deaomlnaled pericUdhun. The plant la the Amlkim of tbs Neir TeMameBt, 
trHiiaUl«d Anise In Hatth. ixtlL S3. 

Fig. ST7. Componnd ombel of Ihe Carrot IDaaeta Carataj, with a genai*] larolnm (raHldUate 
bracta), o, and putUil IdtoIdctu (InTOlncellsl, i. 

ilg. S7fl. Panicle, or looae braocblDg raceof e of a kind of Read {Arundo Hatax). TliA Aowera ar« 
ananged b imall q^keleta, wblcb an mpjKirted on a branchlDg peduncle. The plant 1> nppoaed tr> 
be the Kauk of Ibe Bible traDelated Kesd (1 Klnga ilv, IG; % KliigB ivUI. i\\ Job il.ai i la. 
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same point, formiiig nearly equal radii, aa in Crow-garlic, Cowslip, 



rig.BSl. fig. 382. 

Anricula, and Cherry (Fig. 375), j 

Fig. 87». Compoond umbel of Fool'«-p»nlBy 
gmanl umbel wUboDt so IdtoIdits, -wUle the nc 
poMd otrrAtvA paidbkHu bnct«. 

FIg.SSO. Fudi:ledlDflDni«DuofBlliub<£iin 



Fig. SSI. Spike of lUb-grsB fPlamlago) Hodgtlng ot s 
tiiwat, vUidi eipuid centrlpeuUy tnm below DpwBrdB, 

Fig. Sis. Spike of VerridD ( Vtrtnuxj, amiMDg of leHl 
■"OH floral ui>, and with i icnDJpetsl order of eipiniloD. 



n^. 380. 

I umbel is produced. In the inde- 



icbli (general pedniicle)» bearing Be 
I ftowen UTBZiB;ed tdtenutely on a < 
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finite umbel, the outermoet flowera, i. e., those of the circomference, 
expand first. The simple Raceme, Corymb, and Umbel, may become 
compound hj the stalks of the flowers branching. Thus, in the Horse- 
chestnut (Fig. 335, p. 143), there is a compound raceme. In the case 



of the umbel, the branching takes place by the secondary stalks coming 
off Jrom a point like radii of a circle, in the same way as the primary 

miintm% <KHupo«d of a nDmber of SMaile flowen, A, b^ vicJoscd 
• The stHD«L9 hvig by long Umsd-Uke filameDtA, and ttaa aathen 

Ftg. SSt. Compoaud Spike of Wliest (TWdoin). fbrawd hynmneraiiBgplkeletgtng.SSS), ainngtd 
alMnulsty on a common nchli, which haa a lig-iag timn. 

Fl[. 38G. Compoond Si^ke of Darnel-enist (Loliim limt!tHl<m\ abewiiig awned (ufitata) iplke- 
Leto, arraaged alteniately on a coounoa radiifl- The plant EiaDpfHHfid toba tbe^i&i«iA»(^tbaN«ir 
TMtament, and translated lata (Uattta. lill. 35. Ik,), the itifila LoHum of Vlig. Oeois L IH. 

Ftg. sae. BranchhiB compoimd Spike of Egyptian Wheat (rrid'ci™ cot^oMum). Several oom- 
ponnd iplkM come dt Item the rachia, ■■> aa to form a aort ot ctiutar. Tho wheat ]i awned. It 4»- 
paan to bo the Ckittah, orwhajit ofScrlptarB, which le maotloiied In BOmeplac« u boaring aavenl 
eanoniHieetalklQeii, xiz, 1«; Eii)d.<i.82, uii. K, iiiiv.99; Dent. vUi. S; luU. II, Ac fc) 
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ones did (Fig. 376). The bractlete at the base of the primary stalks, 
or, io other words, at the base of the primary umbel (Fig, 377, a, and 
E^g. 347, a, p. 148), are arranged in a whorled maimer, and form an 
involucre, and snch is also the caae with the bractlets at the base of 
the secondary flower-stalk or secondary umbel (Fig. 377, b, and Fig. 
347, p. 148). The secondary, or partial umbels, are called Umbellules, 
and the verticillate bractlete receive the name of Ittvolucet. In some 
instances, as in Fool's- parsley (Fig. 379), there is no general involucre, 
but simply an involucel (Fig. 379, hb, p. 159) ; while, in other cases, 
as in Fennel, neither involucre nor involucel are developed. Compound 
umbels are frequent in umbelliferous plants, such as Hemlock, Carrot, 
and Parsley. 

214. In compound inflorescences, there occurs a combination of 



these forms. Thus, the primary diviMons may be racemose, or corym- 
bose, or umbellate, while the secondary are of a different nature. A 









Fig. 3BT. Sfwdlx dT Cackow-pbtt (JmK m 
teaiiie. a, ud nboitlTe flowsn, c, taaOe on > gw 
Aeon bu b«n ramoved. The ncbts tadt In a f 

Tig. 3Ba FloiTBring bnucb oT Hazel [Cbrylw AmOaia). beulsg male flowen, a. and female 
Aowen. b. Tbe forraa an Id catklni (amenta), compoaed of nnniwoiia flowov aritinff from Bcaljr 
bncti uninged on a common neUa, and all fiiUliig i^ at cmoe; the unetcooalat of Hionl Itoven 
Id pndadDg nnU. Tbe tree li eaM Io ba amen- 
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raceme in whioh the eecondaiy branch assumes the form uf a corymb, 
or a corymb in which the secondary branchee axe racemose, is called a 
Panicle, a form of inflorescence met with in many graeses (Fig. 378), 
and in some rushes (Fig. 380), This tenn, however, is rather vaguely 
appUed, and includes often definite, as 
well as indefinite, forms of inflores- 
cence. It is usually applied to any 
loose racemose inflorescence in which 
the stalks are irregularly elongated 
and branched. When the jwnicle is 
^?5 shortened, as regards its secondary 
branches, and forms a compact cluster 
resembling a bnnch of grapes, as in 
Lilac and Horse - chestmit (Fig. 335, 
p. 143), it is called a Tkyrsua. 

215. In the instances of inflores- 
cence which we have noticed, the 
flowers are all supported on stalks 
■' either of the same or different lengths. 

When the flowers are ueBsile, t. e., without stalks, different forma 
of the indeflnite inflorescence arise, A raceme, with sesaile flowers, 
becomes a Spike, as in Plantago (Fig. 381), and Vervain (Fig. 
383), In grasses the flowers are arranged in small spikes called 
Spikelets (locusts), as seen in Figure 383, and these spikelets are 
themselves arranged either in a panicled form, as in Oate, or in a spiked 
form, as in Wheat (Fig, 384), and Darnel grass (Fig. 385). The 
latter may be called a compound spike, consisting of a series of small 
spikes sessile on a common rachis. Occasionally, as in Egyptian wheat 
(Fig. 386), several compound spikes proceed from the top of the stalk 
or culm. A ^adix is a succulent spike, enclosed in a sheathing bract 
called a Spathe, as in the Cuckow-pint (Fig. 342, p. 146, and Fig. 
387), and Ethiopian Calla, where it is simple, and in I'alms (Fig. 
341, p. 146), where it is branching and compound. A Catkin, or 
Ament, is a spike having scaly bracts. It occurs in the Willow (Fig. 
348, p. 148), in the Walnut [Fig. 349, p. 149), in the Hazel (Fig. 
388, a), the Birch (Fig. 389, a) the Poplar (Fig. 313, p. 134), and 
in many trees which are henco called Amentiferow. Catkins bearing 
sf«rile flowers only (Fig. 388, a) generally fall off early, and in one 
piece. Some restrict the term catkin to such deciduous forms of in- 
florescence ; while others include also the fertile scaly spikes of Hazel 
(Fig. 388, b), of Birch (Fig. 389, ft), and of Willow (Fig. 390). The 
catkin is sometimes branching, i. e., produces numerous separate cat- 
kins on a common axis, as in the male flowers of the Fir. The Cone 
(Fig. 353, p. 150) of the Pine, Spruce, Fir, and other cone-bearing 
plants, is a female spike of flowers with hard scales, while the Strobilus 

e, Ibe Willcnr (Saliz). The llDircn 
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(Fig. 352, p. 149) of the Hop is a similar kind of spike with mem- 
bmnous scales. 8ome of these modes of inflorescence determine the 
nature of the frait, and will be noticed again when describing it. 

216. In the Spike, the Spadis, and the Catkin, tie floral axis is 
elongated. Other cases occur in which sessile flowers are produced 
on a shortened axis. The Head (capitulum) is a congeries of sessile 
flowers, supported on a more or less flattened axis (receptacle), and 



expanding ceutripetally. In the American Button-bush the heads are 
globular, in some species of Teazel, elliptical, while in Scabious (Fig. 
391), and in composite plants, as Sunflower, Dandelion (Fig. 361, p. 

Fig; 391. Had (upltnlam) of Bcablona (KuiisM) coDsladDg oT nnmsmna irmllri, m aeuYj Hidle 
flowen. Arranged oa a commtm fl^BttooBd racepucl«. and erpanding oenUpetaUr, i. «., from tlw dr- 
conifbniKn towmda Ute centn. The flowcn an BDiToimdwi by a •Brl« of bnu:(4, vhicb fbnn an 
involwn. 

Fig. ES3. Henda {Cqiltnla) of Com BliidM>nle (CmUttrai CpamuJ. One of the b«da Iw Ihe 
flowan flipudcd, th« other coataJiu Qit flowem in bod. Each head conalflta of nnmamu HiaUo 
floveiT oD a flattaned nceptaclOt anrroDnded by InTolncralc brmcta, caJkd phylUrls* ud expand- 
ing centrtpetally. The Kparate headi an pindnood In a centrUngal manDiir, and fOrm b Mlt of 
coryinb. Thla ]i an Initancc of ml&ed inflorucence. in which the general lnAon«enc« li centd- 
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153), Thistle (Fig. 364, p. 164), Centaury (Fig. 392), and Marygold 
{Fig. 371, p. 156), they are Bomevhat hemiBpherical, with a flat- 
tened, slightly hollowed, or convex disk. In the latter class of plants, 
besides the general bract^al envelope (Fig. 34S, t, p. 148), called the 
involucre, there are frequently chaffy and »etose bracts at the base of 
each flower.* In Dorstenia (Fig. 367, p. 154), the receptacle of the 
flowers varies from a flattened disk to one in which the edges are in- 



^^,^-^r; 



p, 



cnrved and turned upwards. When this inourvatjon of the receptacle 
is complete, so as to form a hollow cavity hearing the flowers inside, 
the inflorescence is like that of the Fig (Fig. 366, p. 154). By this 

la CAquHegia pvlffatitj. The InflcrMcence la ft coiymbote 
ar BoUtAtj flowen, and an dflveloped Ld acontdfngal mui- 
landed, loinLnAtlng the prtmaiy aili ; then Uw KcondiVT 

li w« protfoced. basring s wUtary flower, 6 ; Chen Om lerasrj- nolflonl ult, c, uid u on. Tie 

Jb, o, bu psiHd Into frulU 

* OccmuomdLj the Ijradfl of the CapituhJin produce pedLcelg bewing amnll capitola. In thii wb; 
»e IB a RKEDhlBDce to tbeDmbeL Dr. UarehlMD noticed a peculiar umbeOate Form oTinflorCAceDce 
nuTing in the Dandelion, where each italk ariiing from acommoD point boreoniljeitKBiitytDbiilar 
rets. In the HFii-ind.Cliicken Daily IhcK ia a fimilar tendency to feim umbcUale eapitnla. 
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mode of farmaljon the flowerB at the circumference are turned towards 
the apex, while the real centre remains next to the stem of the 
plant. 

217, Determinate or Definite Inflorescence. — In this inflorescence, 
the flowers, in place of arising from axillary buds, are considered ae re- 
presented by terminal buds, beyond which the axis does not extend. 
The simplest form is that in which a single floral axis is produced, 
terminated by a solitary flower, as in Gentianella (Fig. 369, p. 155), 
with two opposite leaves, e, at the base of the inflorescence. When 
such an inflorescence branches, it is by the production of axiUarj* buda, 
whence arise floral axes, terminated, as the first axis, hy solitary flowers. 




The axes are thus arrested in their development, and do not grow 
in an indeterminate manner. This kind of inflorescence is very com- 
monly associated with opposite leaves, but it occurs also m plants with 
alternate leaves (Fig. 393). 

218. If such a plant as Gentianella, with opposite leaves, produces 

rig. »M, RuuBon cyme, or deanilo raoems at Runplon (Campanula Raputcvliu). Tha 

•econdmy mm, ( (i, ench ending In ■ lolitary flower. Thae sie> gave off lecUsrr mie^ c c t, »1» 
anlflonl. Tbe «<l«r of npuiskin oenUUtagsL 

fig. 336. Deflnltfl corjmb or coTTmbose cyme 
li Urn eipuded. and t«rmJnaC« Ihe prlmiry si 
lion In a i«ntilfiignl mjinner. 
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additional flowers, it does so in a deacending series, that is to a&y, the 
buds prodaoed by each of the opposite leaves on the 8t«m (Fig. 369, 
c, p. 155), and bearing solitary flowers, expand after the flower termi- 
nating the primary axis, and succeBsively later aa we proceed down- 
wards. Thus, the expansion of the flowers is centrifugal, i.e., farther 
and farther from the central terminal bud of the primary axis, and 
later as regards time. A racemose or spiked inflorescence of this 
kind would he at once distinguished by the upper flowers being first 
expanded, and not the lower, as in the indefinite raceme and spike. 
Thus, in Figure 393, we have an example of a definite raceme {nearly 
a corymb), in which the separate floral ases end in solitary flowers, 
and the upper ones are first expanded. The fiower at a ends the pri- 
mary a^a, and it has passed into firuit, the flower at b succeeded it, 
then that at c, and so on — the expansion of the flowers being the re- 
verse of what is seen in the indefinite raceme or corymb. The flower 



terminating the primary axis has sometimes a shorter stalk than those 
arising subsequently, and in such cases there may be a difficulty in 
distinguishing between the definite and indefinite forms. In Figure 
394, the infiorescence of Rampion is given, in which a a ais the pri- 
mary floral axis, ending in a solitary flower, which has passed into 
fruit, 6 i 6 are eeconiJary floral axes, ariang bom bracts below the first 
flower, and ending in single flowers, which are expanded more or less 
completely ; while c c c are tertiary floral axes, ending in flower-buds 
nnexpanded. The order in which the flowers expand determines the 
nature of the inflorescence. Attention must be paid to the axis ter- 
minating in a single flower, the bract which it gives ofi' laterally, and 
the flower-bud produced between the bract and the axis. In Figure 

Fig. 396. UmbeUsts Had ncemoH cyme of Elder (Suiiiicu iii^i). The (liferent nnlflorol ues 
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395 ia shewn the definite corymb of the pear tree, in which the soli- 
tary flower, a, ends the primary axis, and is first developed, the other 
imiiloral axes being subsequently formed, and their flowers expnuding 
centrifugally, 

219. When the different floral axes in the definite inflorescence 
come off close to each other, and are much ehortened, there is often 
apparent confusion in the arrangement, and it is only by noticing 
the development of the flowers in the different clusters that we can 
pronounce on the nature of the inflorescence. The branched kind of 
definite inflorescence is seen in the Ctpne. This is a corymbose in- 
florescence, more or less branched, forming a cluster of flowers, which 
is either flattened at the top, or has a rounded contour. It is illus- 
trated in the Elder (Fig. 396), the Hydrangea, and the Lamiistinus. 
It appears like a combination of the umbel and corymb, but is known 
by its centrifugal floral expansion. 

220. The mode in which the cyme is formed may be studied in 
the common spearwort, and other species of chickweed. In them, 
as shewn in Figure 397, there is a solitary flower, a, which terminates 
the primary axis, and Las two opposite leaves, S, at its base. Each 
of these leaves (bracts) gives origin to flower-buds, which form axes, c c, 
ending in solitary flowers. Each of these secondary axes, in their turn 
bear opposite bracts, or leaflets capable in the same way of forming ter- 
tiary axes, with solitary flowers, and so on until the plant is exhausted, 
or the axes produced have no leaf-nodes. This division, by pairs of 
axes, forms a spreading, loose, dichotomous (dividing by pairs) cyme. 
If three whorled leaves develope axes the cyme becomes tricholnmous 
(dividing by threes). Sometimes the two bracts on the axis do not 
produce fiower-buds, and then the primary axis, with its single flower, is 
alone present, with two empty bracts on the stalk, as seen in the 
Hearte-ease (Fig. 398, 6) which produces a unifloral cyme. At other 
times the primary axis produces a solitary flower, and only one of the 
bracts developes a flower -bud, as in the common Bind-weed (Fig. 399), 
in which we meet with a bifloral cyme, a, and also unifloral cymes, as 
at 6 6. 

221. If the flower-buds on one side of a dichotomous cyme are the 
only ones developed, it becomes unilateral, and often turns round in a 
peculiar way, so as to resemble a snail, or the tail of a scorpion, and 
hence it is denominated helicoid or scorpioid. The terms gyrate and 
circinate are also sometimes applied. The same thing occurs also in 
alternate-leaved plants, where each leaf or bract produces one flower, 
and a flower-bud which elongates into an axis between the first flower 
and the bract. In such cases the flowers seem to be placed opposite 
the leaves, and when the leaves disappear, or are abortive, as in many 
of the Borage tribe (Fig. 400), it is difScult to determine whether the 
inflorescence is a one-sided (unilateral) raeeme, or a series of single- 
flowered axes, produced in a racemose manner. The appearance of 
the helicoid cyme is represented in Figure 400, in the case of the 
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Forget-me-not; on the axis 
ending in a solitaiy flower, t 



I leaf, c, gives origin to a flower-st&lk, 

; there are no brocte developed on this 





m 



primary floral axis, but two 



cymes, b 6, are given off, each 

Fig. SffJ. DlchaUHDOiii cyme of Hoiue-cu Chlc)i>rged (Cmutium). The priinary Sonil ul> 
«vt> in B aoUUry Sow«r, e, vhlcb sipanda Ont. The ul> b«n two bncU. ft, each of whicb gtva 
orlgJD to Hconduy uu, each ending in a Bolltai? Bow«r, uid bearing Ewa liracu, c c, wbicb In 
Ihelr lam giia iIk Io nniBonl lertlair brect-twaiing aiea, aod ao od. When tbns bivcta an 
produced, and three axetr the cyme becomea TricholoinoaB. WiiEd tits aiea an mncb ahonenBd, 
mdA tbe iiowera aro broiiglit nearer to eacb other, the fonnaUon of the cyme la rendered ■jbecnie- 

f1^- 3SB. ITidaon] cyma of tiw Paiuy (Tji^a tricolor). The prinury ailB 1>earfl a aingle Oowra. 
ODd bolow it are Cvo bracta. fr> iDdkattDg the polnta where atcondary axea would appear If prcaent 
The braola ore empey. /, the leaf; ( i, atlpnlea. 

Rg. 3W. Biaonil, a, and iinlfloral. ibi, cyniea of Cunioliului. The axis, a, ariilng from • 



. The a 






(y tiowprt 



.y Google 



DEFINITE INFLORESCENCE. 



of which curls np in a circinate manner. These cymeH are formed 
by a seriea of eingle-flowered axes, which are produced in a secund 
manner, i.e., only on one side. The theoretical formation of this in- 
florescence is given in Figure 401, where the primary fioral axis, 1, 
ends in a Bolitary flower, and so do the other axes from 2 to 10. The 
small dotted lines indicate the points where floral leaves (bracts) occur. 
The expaiiBion of the flowers is centrifiigal. The flower of axis 1 
expands first ; this axis gives origin to a flower-bud forming axis 2 ; 
in its turn axis 2 expands its solitary flower, and g^ves rise to axis 3, 




and so on. Thus, the inflorescence is composed of a series of nnifloral 
axes produced from each other, and not alternating to right and left, 
but always developed on one side, forming a broken line, which has a 



1. Tfiagma 

one rido of Cbto a^a a node !■ pndncol, whidi 
iHarlDg: a «ollui7 flower, whidi is devslopod aner 1. Thlj aii> 
giving tIm to a tertlDi? unlflonl axis, 
becomes corred, i ' ' ' 



pLac« on one aide. The nonnlevebped DOdH 



Fig: 40a. Chulered flowen 



e Box iButm Hnpeninnt)r Each eluBter la produced in 
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tendeDuy to return upon itself. In the Diagram ten unifloral axes are 
shewn, each bearing a, solitary flower. When the bracts are abortive, 
as in the Borage tribe, the nature of the inflorescence is not det«cted 
at first sight. The formation of the different axes between the previ- 
ously expanded flower and the bract, indicates the nature of the in- 
florescence. When the intemodes of such a floral axis are shortened, 
and the bracts disappear, some anomalous inflorescences are produced, 
as in Solanaceffi. The appearance of a peduncle opposite a leaf leads 
often to a correct conclusion in regard to the morphology of the in- 
fiorescence ; in the same way as has been already noticed, in the case 



of the tendrils of the Vine {^ 95), which are leaf-buds producing 
separate axes, in a centrifugal manner. 

222. In some kinds of cymose inflorescence the flowers are ses- 
sile on an elongated axis, forming a cymose spike ; in other in- 
stances they are nearly sessile, and form a rounded head or short spike, 
called a Glomemtus, as seen in species of nettle (Fig. 403), and in the 

F<g. 40A. FlowalDg MaUi of Nollle (VrHcit urns), irith diutoed dsflnlts IndonKenoe. no, alltH 
K ^lomeniliiH. TlM leaves Bre Kmited. mid corsred wHh Mlnglag lulrs. 

Flg.lM. Flow(jriiigslBikofCli>Ye|ilniii'Dim(*i«Oir»Dfi«jr»i«J. TKe flnwen lo™ a ftiddo Tlie 
inflorcKi-ncp )b dcfinllc anrl ccnlrifBgaL The planl li Ihf origin of nil Ihe varleUos of Canui- 
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Box (Fig. 402). SometimeB stalked flowers arise from the Bame part 
of the axis, in the form of a 
cluster, called a Fascicle, as in the 
Mallow (Fig. 405), and in species 
ofPink(Fig.404). Intliecaseof 
Labiate plants, as Mint (Fig. 
407 ), aad Dead-nettle (Fig. 339, 

p. 145), the flowers appear to be : ' 

in whorls, but in reality they 1 
arise in two clusters or fascicles, 
called VertidUmters, which are 
cymes bearing a few nearly ses- 
sile flowers, expanding centrifii- 
gaily. Each cluster is produced 
from one of the opposite leaves. 
Truly whorled flowers are seen in the Common Mare's tail (Hippuris 



vulgaris), in which each leaf of the whorl produces a single flower. 

Elg. 406, Ftudcts of Hallow {ilaliui lylmlrii}. The \Daai«iceDce 1> definila, ivllh ceDtitAigal 
BxpuDBloD. The flowers come off ftnm the ume point, and are sapported aa itslks. The 9t«iD la 
pKdongsd liayand Uie flowen. so that the general deTelopiaent li Inde&ilts. ohUe the diulere of 
flowenue definite. The petels of the flower, p, are obmrdato, and the calyx Is double. 

Fig. US. FloireringMiitkofsUzidofOnnindselC^^nfag). The flonen an In heads (capitals), and 
alien from the dicmnlerence Inwards In an ladcBMte centripetal manner. The heads of Aqweib, so the 
other hand, taken coUeetlrelT, expand centtlfugnlly— the central one, a, first Esch bead et flowere 
termlitalA a separate aiif. Tbay form together a deflnllfi corymb. The Infloreacence Is called mixed. 

tig. uyj. Flowering stalt of Hint t_Unitli,i iflv/itnij. The flowers, taken collectlTely, have a 
spiked appearance- The separate TertlcUlastera (dusteiv) are produced In the axUe of nii9ll leaves, 
uid tbe flowers forming them are developed centrifiigAlly ', nhllc the dofiters, taken as a whole, are 
developed cenlrlpetally trom below upwards. It Is a mixed Inflorescence, and exblblts whot ha? 
been called a neflnlle Spike. The plant Is probably Ihc Uriln/amoi, of the Qrei^ks, menlioncil In 
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223. Mixed Inflorescence. — There are certain kiods of inflorescence 
in which there is a combinatdon of the definite and indefinite fonnB. 
These have been called Mixed. The^ are by no means uncommon in 
the Vegetable Kingdom, and they require to be studied carefully. 
In Composite plants, the branches bearing the heads of flowers (capi- 
tnla) are often developed centrifiigally, while in the individual heads 
the expansion is centripetal. The general inflorescence, in such a 
case, may be said to be definite, while the partial inflorescence is inde- 
finite. Thus, in Figure 406, the central head of flowers is expanded, 
while the others are only partially so ; the inflorescence is mixed, 
and the whole puts on the aspect of a corymbose cyme, with the flowers 
in each head centripetal. Such is also the case in Figure 392, page 
163. In Labiate plants, the ^neral inflorescence is centripetal, 
while the verticillasters are centrifugal (Fig. 407). 

224. Becapitulation of the diflerent kinds of Inflorescence or 

Antbotaxis : — 

Indefinite or iDdetenninate InflorescaDce, in wliich the floral »xii ia prolonged be- 
yond the flonerB, which are produced, either singly or in duetcra, in tlie Kiil of 
leavea, the order of expansion bdng centjipetal, iA., ttom Ihe circnnifBrence to- 
irarda the centre of the iofloreacence, or from the bue toward* the apex. 

The Indefinite Inflorescence maj h&ve nniflonil or mnltiflonl aiillajy pedonclee. 

In tlie ITniflorsl fonn the axis nsnaQy beare the aingle flowera in the axil of ordinary 
leaves. Tbia a the simpleat kind of Indefinite Infloreacenoe. 

In the Multifloral form, the general pedancle, orieing from an ordinary leaf or a 
modified leaf (bract) bears emaller leaves (bracileta), which produce Sowers dther 
ses^e or pedicellate. 

Hultifloral peduncles, with sessile flowers, give origin to the vaiions fbrnis of spiked 
and clustered Indefinite Infloieacence, sucb as the Spike, Spikelet, Amentum, 
Spadix, Cone, and Capitulum, 

Hultifloral pednnclES, with pedicellate flowers, give origin to the various forms of 
racemose, coiymbose, panicled and mnbeUale Indefinite Infiorescence, such as the 
■imple and compound Rocone, Corymb, and Umbel. 

Deflidte or Detenninate Infloreecence is tlkat in which each floral axis ends in a soli- 
tary flower, and the order of eipanrfon is centrifugal. The Cyme is considered 
BS characteristic of this Inflorescence, and hence it is called Cymose. 

The Definite Inflorescence may bts either unifloral, i.e., Itavlng a single primary 
Bxls ending in a flower, or it may be multifloral, having primary, secondary, and 
tertiaiy axes, &G., each ending in single flowers, but all combined, more or less 
so aa to form a Compound Inflorescence. 

The Amplest form is the unifloral, in which the plant produces a single terminal 
flower, and no more. 

The Multifioral forms are variooe, and their appearance depends on the lengths of 
the axes, and the mode in which they arise from each other. 

When the diffbrent axes are elongated we nteet with racemose, corymbose, and mn- 
bellate Cymes. 

When the different axes are shortened, clustered kinds of infloreacence are produced, 
such as the Terticillaster, Fascicle, and Glomerulus. 

Mixed Infloreeeencee combine tlie cbaracters of the Indefinite and Definite ; the se- 
parate clusters of InSorescence exhibiting the character of the one, while the 
whole Inflorescence of the plwit presents that of Ihe other. 

In all eases the Centripetal or Centrilngal expandon of the flowers, or of the clostera 
of flowers, indicates the nature of the Infloreacencc* 

kLods or LDdoT«4(Xjii¥, see Bravnle, Esssi suT la diaponlion 
Sdtncu Naturdlo, 2d SerlM, Til. IBS, 3S1 ; vUL 11. 
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II. THE FLOWER AND ITS DIFFERENT PARTS. 
1. SYMMETRY AND MORPHOLOGY OF THE FLOWER. 

225, The term Flower, in botanical laoguage, is not confined to the 
mere showy parte in which the gay and brilliant hues reside, but em- 
braces all the organs, however inconspicuous, which are concerned in 
the production of seed. These organs, or parts of the flower, must 
all be considered as modifications, or, as it may be more properly ex- 
pressed, analogues of leaves. In their structure and arrangement they 
are eimilar to the foliar organs, and they follow the same laws of de- 
velopment. When a student, therefore, has acquired a knowledge 
of the anatomy and arrangement of leaves, he is prepared to enter upon 
the consideration of the floral organs. 

226. When the flower is complete it consistB of four whorls (ver- 
ticils), placed alternately within each other. The two internal are the 




Stamens and Pistils, which are the essential organs of reproduction, and 
the two external are the Calf/x and Corolla, constituting the floral en- 
velopes, or protective coverings. In Figure 408, an ideal section of 
a complete flower is given, each whorl consisting of five parts, which 
are arranged alternately. In Figures 409 and 410 the parts of the 
flower are represented ; the calycine whorl (calyx), s, die coroUine 

FIf . 406. IMAgnm of a oompletely lymmotiicAl dower, coiulflting of four whorls, each «iDBlBtlDg 
offivapaitj. The outer row is Uw calyi fbrmedof Ave sepals; the second Is the oorollA oTfive pe- 
tals, albtfiiAtiiig with Iha sepals; the thlid la the andReciiim, conBlsLiDg of Ave stamens, alternating 
with (ha pelals ; the ODtial whorl la the gyatadamr conaistlDg of five cupels, all 

Fig. 400. Flower of ' 
dnncle, ped ; the calyx, r. 
cnwawlie; the itainenB, 




ng. 410. The Essentlsl organs of reprodocUon 
nous, ucy lour long and two short, with ^ands, jJ, 
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whorl (corolla), p, the Btamioal whorl (stamene), e, and the pistillinc 
whorl (pistil), sti, being all inserted into a common receptacle, r, 
which may be coneidered as the termination of the peduncle, ped, or 
flower-atalk. 

227. The Calyx is the outer covering (Fig. 409, s), formed of 
whorled leaves, called sepals, which are generally of a greenish colour. 
The Corolla is the next covering, composed of whorled leaves, called 
petals (Fig, 409, p), often showy, arranged alternately with the se- 
pals (Pig. 408). The calyx and the corolla are sometimes included 
under the common name of Perianth or Perigone, especially in cases 
where both these coverings are similar in appearance, as in the Tulip, 



the Crocus (Fig. 160, p. 68), and the Lily (Figs. 4U and 413). 
A flower with a single perianth (Fig. 412) has a calyx only, while 



bod Ui« t 



ei Huiagon LUy (TAU-i 
■be plMIl <9 fom»d of Ihiee rarpels. 



Fig. 41S. Fkmm rf GwMsllxit (OJfiMjlorfuiiii), «m«l«Jiig of ■ (Ingle perimth (ailyi) of five 
pATtfl, endoAlDg Are MameuA, whicb imop^uilte thedlviriongofUwpeilHPtbiOwiiif to tfaeAb«Ga«<tf 
tbepeCiilB. 11iccoR>llebeliigiappres9ed,lbe flower kipetaloiu. inS u there is only one aonl enre- 
l<^ It li called Monadilaniydeoiii. In the «DtTe of the Sower ii the iMU, with > luge oruy con- 
tabihig yoong secdB. 

Fig. 41S. Flower of Wblt« Lily rtAtiim albim). consliUng of ■ eU-lesved perianth, the pirn of 
which ikTS airaDged In two alternate rowa of three. Tbn outer dlrialoii of the perlactb !• In reality 

lar In coloar they are Uicloded In the tonn pciiantt. Within the floral envelop™ are placed all tta- 
meoa, In twe rows of three each, and In the «ntre la the tricarpellary pistil 

Fig. *14. StMoien, conslellng of a filament (atalfc),/. and an anther, a, conlalnlnn powjery matler, 
p, denomiiiaf(.il pnlkn, which la dlKhaj^ed through eUuin the two lobea of the anther. 
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ofle with a double perianth {Fig. 413) may be considered as having 
both calyx and corolla.* 

228. The Stamens (Fig. 410, e) are placed within the petals, with 
which they alternate (Fig. 408). Each Btamen contiiBts of a pecuUar 
folded leaf^ called the anther (Fig. 414, a), either segsile (unetalked) 
or supported on a stalk, denominated a filament (Fig. 414, /), and con- 
taining powdery matter called pollen (Fig. 414, p), which is dis- 
charged through slits or holes. The whole staminal whorl, taken col- 
lectively, is styled the Andrcecium. 

229. The Pistil is the central organ (Fig. 415), below and around 
which the other floral whorls are arranged. It consists of one or 
more folded leaves, called carpels, either separate (Fig. 416), or com- 
bined {Fig. 415), and collectively forming the pistilline whorl, which 




Fl(.«». Fig. 416. FiK. 417. 11g.4ie. 

is denominated the O^/ruBcium. The parts distinguished in the pistil 

are the ovary (Fig. 415, o), which is the lower portion enclosing the 

Tig. Hi. 1*8 ptoBI rf Tobacco {Nicofuina roJonmJ, comdBtlog of the OWI17, o, contaiDlag ovules, 
the itylef j, uid the c^tata ■tigma, g. The pistil Is placed on the reaeptdde, r, at the eitremltj' cf 
the iMdniKle, 

ng. 41a llie OTncednm (PIsUI] of Colnmbina (.Ifiiil^ n^nm), iltuated on (he ncepUcle, r, 
irtilch owtq^ the etnntott of the peOanclB, j>. The pistil rwulsu at Bie cupela, each of whldi hie 
anoTary, 0. coDt^nln^ ovnla. a style, ily, end aetlgma, ttiff- 

Hg. il7. nslll of Poppy {Papawr}, nrndsUnf uf several carpdfl Tmllcd. The united ovarlffl, d, 
are BinmoimtAd by the stomas, «(i, which are bobsUo, or. In other words, are not supported on a style. 
A slogle Btaown Is loft ta shew lu Iruertion on the nceptaole below the j^tU (hypogyDous). 

Fig. 418. Uale flower of Spurge fBvpkorbiaJ, coogletlii^ of a alDgle stamen, a, wllhoul any en- 
velope. Hie flower is hence caJled AchlamTdeons. The peduncle, p. has a brad, b. at the base, and 
Is united to the Bower by ajofnt am. Ihta irtlcnhidon todicata the nature of the flower, Inwme 
of the EnphocbUi flonl envelopes are predaced at the Joinl The soUiary lUmen coutUCntea ihs 
entire mala CatamlnifavnB) flower. 






and piitil, or piotii odIj. 
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ovules destined to become seeds, the stigma (Fig. 415, y), a portion of 
loose cellular tissue, uncovered by epidermis, which is either sessile on 
the apex of the ovary, as iu the Poppy (Fig, 417, s(i), or is separated 
from it by a prolonged portion called tike stgk (Fig. 415, s). The essen- 
tial organs must be present, in order that seed may be produced, but 
the floral envelopes are often deficient. When both calyx and corolla 
are present (Fig. 409), the flower is Dichlamydeow, when the corolla 
is awanting (Fig. 412), the flower is Monoohlamydeoua, and when both 
are wanting (Fig, 418), it is Achlamydeoua. 

230. AJl the organs of the flower are attached to the extremity of 



rig 418. Fig. tsa. 

the flower-stalk, and the part on which they are situated has received 
the names of Tkalamui, Torus, and SeceptacU (Figs. 410, r, and 
41G, r). The different organs are verticillate leaves, produced at 
nodes which are placed close to each other, without the intervention of 
marked intemodes. Each organ forma one or more whorls, and the 
parts of each whorl are placed alternately in relation to those of the 

Hg, 419. Tlie Csper pluit fCopparii ipmoKj, iheiriug ui enpanilod floirer, and sev*™! flower- 
iHidi. wfalcb coDBUtuts the capen of aHmnerca. In tbLs plant the plitil rFpresenled in the figure on 
thfl left, Is Bupported on a atalk or Gyoophnre, whJcb is jm elongatloii of the receptJLCle, Then mre 

pUnt or Hwiher epedcd of Capar {Ctvpparu iKffi/ptiasa), la supposed to be thAHyBflopof Bolptiirfl 
— the 2»** of Ills Old Tsetament, and Iheflyaojwt of Uie New Tmlament. (Eiiid.iil.Mi !*»■ 
ilv,4,fl,(!; Numb. ill. a, IS; 1 Kings it. 33; Psalm E 7; John ill. £9; iiidlleb.ii. IS), 
rig. 420. The platU of Uie Cuper-plant, wftli the Malk or gynophore which Bnppoita it 
Fig. 421. Calyi and plitll oT Frailnella fDiclaiMiivt FnziruUaJ. The )Astll conalMa of aevenl 
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whorls next it. In certain iuetances the istemodes are lengthened, and 
thus the different whorle are eeparated &om each other, just aa in verti- 
cillat« leaves (Fig. 217, p. 101), Thus, in Bome plants of the Caper 
tribe, there is an enlarged, rounded, disk-like receptacle (antJiophore), 
bearing the petals, from the centre of which arises a stalk or internode 
(androphore) bearing the stamens, and finally, another lengthened in- 
temode (gynophore), bearing the pistil. In this instance the separate 




nodes, with their whorled leaves, and the Interposed intemodes,are easily 
seen. Occasionally, while the intcmodes connected with the calyoine, 
coroHine, and staminal whorls are shortened, that below the pistiUine 



Fig, m. Branch of a tpcaa of Cnmubill (Stramni roifr/ioimin), >l 
protMs projecling bejona lie flower, to wliieh the carpel! ue sttachal. 

Fig. 4SS. The bUji end heah-Uke procaii of Oersmnin. with the purl 
curled spvardg, ao ai (d acatler llie >«d ; a, the eitremit; nf Ihe roatmii 
cmw^t-hilL i* ileriTcd ; h, the carpela curled up bj meana of the atjlfa vhii 

Kg. m. Fruit or lh« Stranbcny (Fragaria vaca), cnnBiBting of ao e 
tion of the receplMlc. hearing on in aurftca numeroua carpela, which i 
a«Hl>. Tlie calyi it icen at the lower part. 
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whorl is elongated. In snoh casea the piatil is supported on a stalk 
which proceedfl from the centre of the receptacle. In the Caper- 
plant (Fig. 419), a stalked pistil occurs, which is represented in Figure 
420. This is also the case in the Passion -flower, and in some of the 
Chickweed order, and in Fraxinetla (Fig. 421). Such pistils are called 
itipilate. 

231. In the Geranium, the part of the receptacle bearing the pis- 
til is prolonged in the form of a long beak-like (rostrate) process, to 
which the styles are attached (Fig 422, a). When the pistil of 
the Geranium comes to maturity its parte separate from the beak, 



ti|.W- Fig.4Se. Tig.ii7. 

o, in the manner represented in Figure 423, b. In the Strawberry 
(Fig. 424) the receptacle, after giving origin to the calyx, corolla, and 
stamens, becomes enlarged and succulent, bearing the parts of the pis- 
til on its surface, and constituting what is commonly called the fruit. 

Fif. i3&. The (niit of the Xose cat Tcrticellr. The mxptaclc, r>, lion the interior of (he alji. 
CO, uid th« atte\i with their oiiriti, », uid ntjltt, itj, nt attacbed to It. The ituncni mi peUi 
■TO tMTi tX thfl apper put. ittAchod to the ealji. 

F^. 4M, UonMnnu Oovei at the Boh. The calji, c, ctnuiit* of Kpiili lOit the ordiimr; lata; 
the cnroUH omulita of nnmenini rowi of peta]i,|>; the itameot irepuUillj changed inls petili; the 
■ jili a, it pndOBBIBd hcjood the flower. bB&riog le&vr«, f, in place of cvpflli. and ending in an abortire 
flowBT-hnd. 

t^. ^, The vune uoniboni roie, with the aepali and petali remored. The atamcni are &t- 
tadied to the reaptaele, r, which li prolonged in the form of a atalh bcuing leavo. f. in place of 
eirpelt, and ending is a bud which contniaa al»Ri>e attunena, i, and undeveloped petala,;!. 
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The sacred Bean of India and of the Nile [Nelumbium), has a large 
top-shaped (turbinate) receptacle enclosing the pistile. In the fi-uit 
of the Bo&e the portion of the receptacle (Fig. 425, re), bearing the 
parts of the pistilline whort, ov, i% adherent to the inner surface of the 
calyx, ca. 

232. In some mosBtrous specimens of Avens and Boee there is oc- 
casionally an nnusual development of the central part of the receptacle, 
BO that the piBldlline leaves become arranged alternately on an axis 
which ends in an abortive flower-bud. In Figures 426 and 427 re- 
presentations are given of a Rose, in which the axis, a, is prolonged 
beyond the floral envelopes and stamens, e p, and bears the parts of 
the pistil in the form of alternate leaves, f, while at its extremity it 
produces a barren flower-bud, with undeveloped stamens, s, and abor- 
tive petals, p. 

233. The leaves and the different parts of the flower are considered 
by botanists as homologous. In other words, they are constructed on the 
same plan, and tlie forms which they assume depend on the nature of the 
fuQctioiis which they are required to perform. Leaves being concerned 
in nutrition and in the assimilation of food, assimie an arrangement and 
colour fitted for these purposes, and have all their parts developed in 
conformity with the functions allotted to them. The parts of the 
flower, on the other hand, are concerned in the function of reproduction, 
and in their structure and development are fitted for the office which 
they have to perform. The parts of the flower originate in the same 
way as the leaves, in the form of simple cellular projections from the axis. 
The appearances which they afterwards present depend on organogenic 
(organ -producing) laws of development— the arrangement of the cells 
and vessels, and their contents being modified in each special organ. 

234. The leaf is considered as the type of all. This idea was 
started by Linnteus, and was afterwards more fiilly brought forward 
by Goethe.* In speaking of the parts of the flower as metamorphosed 

, or modified leaves, it must not be supposed that we mean that these 
parts have, at any period of their existence, been true leaves. All that 
is iraplied in the statement is, that both are formed on the same general 
plan, that both are arranged upon the same principle, and that one 
law pervades their morphology. The cell from which the leaf is 
formed is no doubt very different as regards the organogenic law im- 
pressed upon it iiom the cell which gives rise to a sepal, a petal, a 
stamen, or a carpel. Nevertheless, when we examine the parts 
scientifically, we perceive certain homologies in form and structure 
belonging to the one set of organs which are represented in the 
other. This morphological view of the organs of the flower associates 

' Liimeus, FiolepsiB planttrnm, Upnsl, JTQO; AmcDniut, Acad, "i.; PhilcHopbinbotaniM. Wolf, 
Theoria gmienitiQiiiB. Berlin, l?5fl. Goelhp, Veranch die Metuniorphow der Pfluri™ in erklareo, 
Gotha, I7W. Eoglidi TVuulitloii o( Goetbc's work, Fennaj'lT. ISSU; ulso Ymncb TruiBlatioti 
bj Fred, de Ginglpi laaeinii, Geneve, IB29. LimiHa vii. :S32, De CaodDlle Tbcorie elf menwiie 
de Botaulque. Auffuate de Saint Hiloire, UoiplLolo^ Vegefale ; and Coniptea rendus Af TAcad, 
des Sciences, lOtb Augupt 183B. 
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them with the leaves in a very istereBting manner, and enables ue to 
give a philoBOphical exposition of the hannonieB subsisting between them. 

235. In passing from leaves to fiowere, there are certaia interme- 
diate organs called bracts (Fig. 336, a, p. 144, and Fig. 340, a, p. 145), 
which are merely altered or modified leaves, producing flower-bnds at 
the part where they emerge from the stem. From these we proceed 
to the flower-stalks, which are branches bearing fiower-bods in place 
of leaf-buds. The outer whorl of the flower (Fig. 436, c), baa gene- 
rally more or lees of the appearance and colour of leaves, and, in 
many instances, the leaflets produced on the flower-stalk pass by in- 
sensible gradations into sepals {Fig. 369, p. 155}. Between sepals 
and petals there are transitioD forms, as seen in the White Water 
Lily, the Magnolia, and many plants where the colour of both is 
similar. The petals, in their turn, sometimes become narrowed and 
altered, so as to pass into stamens, as in the White Water LUy, where 
it IB scarcely possible to say where the di^rent whorls end. It is 
very rare to find tbe stamens pasang into the pistil. In the case of 
monstrosities, however, produced by cultivation, the pistil undergoes 
such changes as to prove that it is formed on the same type as the rest^ 
Occasionally all the parts of a flower, as in some monstrous specimens 
of Dutch Clover, are converted into leaves. 

236. When sepals are changed into petals, petals into stamens, or the 
latter into carpels, the alterations are said to be in the ascending series, 
and it is called a case of ascending or progressive metamorphosis. By 
cultivation, and other causes, this series of phenomena is sometimes 
reversed. Thus, in the double cherry, the pistil is frequently altered, 
so as to appear in tbe form of one or more leaves (Fig. 428, a and b) ; 
in double flowers the stamens are changed more or less completely 
into petals. In Figure 429 is exhibited the series of changes through 
which a stamen of the Rose passes, from the normal state, 6, until 
the complete petal, 2, is formed, and this, in its turn, becomes altered, 
as seen in 1, so as to resemble a coloured sepal, with a prominent and 
projecting mjdnb. In some cultivated flowers tbe petals assume a 
green colour, so as to resemble the calyx, which, in its turn, often ap- 
pears like true leaves (Fig. 426, c). This is called retrograde meta- 
morphosis. 

237. In certdn cases the floral axis, in place of bearing flowers, 
produces whorls of leaves. The alteration in such instances is either 
complete, or there is a partial change of the organs, some of them 
remaining unaltered. It sometimes happens that, from the centre of 
the flower, a leaf-bearing axis is prolonged at the expense of the pistil 
(Figs. 426 and 427, p. 178). Occasionally, ^ter the fruit is formed, 
the axis begins to lengthen and bear leaves, as seen in the pear, 
represented in Figure 430. In the centre of the flower, or from the 
bases of the petals, additional flowers arise in certain instances, in the 
same way as buds come off from the axil of leaves. All these cases prove 
the general law of development in leaves and flowers to be in reality 
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the same, and they point oat the means of e:xplaiamg many of the 
anomalous appearances presented by the flower. 

S38. The parte of the flower being thus considered as modified 
leaves, we naturally look for a similar mode of arrangement. As leaves 
are alt«rnate, opposite, and vertieillate, we may expect the parts of 
the flower to be arranged in the same manner. We might conceive a 
flower, as in the ideal representation in Figure 431, to be formed of a 
sepal, c, a petal, p, a stamen, s, and a pistil, // each of the parts 
alternating with that nest to it, and separated by an intemode, and 
all ariBing from a single bract, b. In plants such as Hippuris, with 






one stamen, and one pistil, and an abortive calyx, such may be reckoned 
the tendency, although, from non-development of certain parts, the 

^g. 9&&. The arpe! of the double floweriQg Cheny. la Uiii ploDt the fniit is nbortiTt^ and in ita 
pIftH on« or morfl leavci an produced. The c&rpeUarj leaf le eithn eipanded^ a, oi folded, h. Thtj 
■bove that tbe fmit of ttie Cheny i> fomed on Uie eune tjpe u the leaf. 

Kg. *». Trsnefonnationi in the itamen of the Rom. Tlie complete etimen, 6, i> allertd gradually, 
panlDg through the italei reprcKnled qt &, 4, end 8, until it becomes ii complete petal, ^ and the 
petal M 1 begin! to mnme the appearance of aiepft1,wilha jtronglj-markednudribpralongribcjond 

Fig.iSO. Tlieaiit proloBged bejond the fmit in the Pear-tree, and bearing b leriM of Itavea. lu 
general the pndDctioD of fmit arreiti the axil. 

Fig. 4X1. An ideal repmentalion of a flover Biiiing trtn a bract, b, and fanned hi a aingle icpal. 
r, > Bii^B petal, p, n lingle itamen, i, and a single carpel./j the pHrti hcinn alternale, and neparattd 
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flower becomee iacomplete. We generally find that the parts of the 
flower are arranged in twos, threes, fours, or fives. 

239. When the parte of a flower appear in pairs, they may be con- 
sidered as formed of opposite decussate leaves. In Figure 432, there 
is an ideal representation of Ruch a flower, with its bracts, b, its sepals, 
c, petals, p, stamens, s, and carpels, f, separated by marked intemodes. 
If the intemodes in Figures 431 and 432 were taken away, or very 
much shortened, we would then have the arrangement usnially seen 
in the flower. These diagrams also illustrate what occurs in the case 
of some plants, where (as already stated, ^ 230), the different floral 
whorls are distant from each other. When the part* of a flower are 
arranged in threes, fours, or fives, they may, if placed in a circle at 
the same level, be regarded as verticils, or, if at difierent levels, as 
following a spiral arrangement.* 

240. A flower is said to be st/mmetrical when each of its whorls 
consists of an e<inal number of parts, or when the parts of any one 




whorl are multiples of that preceding it. Thus, a symmetrical flower 
may have five sepals, five petals, five stamens, and five carpels, or the 
number of any of these parts may be ten, twenty, or some multiple of 
five. In Figure 408, page 173, there is a diagram of a symmetrical 
flower, with five parts in each whorl, alternating with each other. In 
Figure 433, there is a section of a symmetrical flower of Stone-crop, 
with five sepals, five alternating petals, ten stamens in two rows, and 

Kg. 433. An iili!il repressnUtion of s dimeroiu flower, fomitd of two pirts io Bicb wliorl. Tie 

tbTU follow a law of jIlErBaliOB. Each wborl 1> JepaiBted bj id internode. If Uie internadM wen 
laaoveA the wborli would be cloaf Ij applied to each other, ai in ordinarj flnwon, 

tig. 49.?. Dingniuitic KctioDof i ijmmeCrical pestaiaaroiii Sower of $toDe.crop (iiufi»], loiuut. 
in^ of five lepelH Axtenully, flvc petali altema^g witb the Kpala, ten aUmeiK ill two rowB^ KDd fire 
citrpfli containing aeeds. The dark lineaon Uie ODiiide of the farpeli areflandi. 

Fig. 4M, Diagno. of the Bower of Flai I.Liium), coniiatiiig of Cite Kpali, fiio petilt, Ire itaiiiEU, 
and five rarpeli each of which it paftjallj divided into twa. It ia peoUioeiioDi, complete, ajmmetrical, 
aod regular. 
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five carpels. In Fig;uTe 434, ihen is a symmetrical flower, with five 
parts in the three outer rows, and ten divisions in the inner, cansed by 
the partial subdivision of each of the five central parts into two. Figure 

435, shows a flower of Heath, with fonr diviaions of the calyx and corolla, 
eight stamens in two rows, and fonr divisions of the pistil. In Figore 

436, there are three parts in each whorl ; and in Figures 437 and 
438, there are three divisions of the calyx, corolla, and pistil, and six 
stamens, in two rows. In all these cases the flower is symmetrical. 
Flowers in which the nnmber of parts in each whorl is the same, site 
isomerous (eqnal ntunber) ; when the number in some of the whorls 
is different, the flower is antmrnerous (unequal nnmber). 

241. When the parts of any whorl are not equal to, or gome 
multiple of the others, then the flower is unsymmelrical. This is seen 
in Veronica as given in Figure 439, where there are four divisions of 
the calyx, four of the corolla, and only two stamens, and two parts of 
the pistil ; bo also in Lamiiim and Verbena, Figures 440 and 441, 
where the two outer rows have five parts, and the two inner only four 




242. Symmetry, then, in botanical language, has reference to a 
certain definite numerical relation of parts. A flower, in which the 
parts are arranged in twos, is called dimerous, the symmetry being 
binary, and the arrangement marked thus V*- This may be considered 
either as analogous to opposite decussating leaves (Fig. 212, p. 97), or 
as composed of distichous alternate leaves belonging to the \ series 
(Fig. 431), the intemodes between which are undeveloped. When 
the parts of the floral whorls are three, the flower is trimerora 
(Figs. 437 and 438), and the symmetry being ternary or trigonal, is 
marked V*- This may be looked upon as composed of verticillate 
leaves, or of tristichous alternate leaves, represented by J, the inter- 
nodes between which are not developed. 

343. When the floral pieces are in a series of four, the flower is 

Fig. *E5, Dkgrsm of the flower of Hath IBrtea), haviig Coni upill. four divlliou of llic corolli, 
eight itSDOui ID two ron, ud foui diiiiioM ot the fiMt. The Bower b t«tnme[«u, eomplita, (jm- 
vetiJciU, Bud Tegnlar, 

Fig. 43ft Siapira c< the tcimenmi ijiimetriut Bower of Irig. Then are thns altenutiiif dni- 
■iosi of each Hhorl. Bebw ii b nolle bract 

Pig. 437. Diigrun of the afmmetrial Cnmsnui flower of Friblluy, having Ume dintioDi of the 
two initer whorll, and of the piata in the ceDtte, ud lii >liinenB in two rowi. 
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lelramerous, ite Bymnietry being quaternary, and marked >/*. 
be regarded as composed of verticils of four leaves, or of 
kaves combined in pairs, without intemodes. A penlamerous flower, 
marked V'*> has quinary or pentagonal symmetry, uid may be formed of 
verticila of five leaves, or of alternate leaves, arranged according to 
the i series {Fig. 211, p. 97), with imdeveloped intemodes. The 
symmetry which is most commonly met with in the vegetable king- 
dom is trimerouB and pentamerous — the former occurring generally 
among Monocotyledons, the latter among Dicotyledons. Tetramenma 
symmetry occurs also among Dicotyledonous plants, and we shall 
afterwards see that the numbers 2 and 4 prevail in the reproductive 
organs of Acotyledons. 

244. The parts of the flower are, generally speaking, arranged ao 
that those of one whorl are alternate with those of the next whorl. 
Thus, the petals alternate with the sepals, the stamens with the 
petals, and so mi (Fig. 408, p. 173). When the numbers in any 
series, auch as the stamens, are multiplied, and the flower is still sym- 
metrical, then the organ is found to consist of a definite number of 



@(g)®)W 






Fie.43«. 



I1g.441. 



whorls alternating with each other. Thua, in diagram 442, the 
stamens are six in place of three, and they are arranged in two alter- 
nating whorls — the parts of the outer whorl alternating with the 
petals, and with those of the inner series. In Figure 443, the stamens 
are ten, in two alternating rows of five each. In Figure 445, the 
parts of the flower of the Strawberry are shown, consisting of ten 
divisions of the calyx, in two alternating rows of five each, five petals, 
twenty stamens, in four alternating rows of five each, and numerous 
carpels also in similar rows. Figure 444 represeuta the flower of 
Ranunculus, with five sepals, five petals, numerous stamens and carpels, 
in alternating rows of five each. 
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245. The pistUline whorl is more liable to changes tiian the 
other parts of the flower. It frequently happens, that when it ia folly 
ftH'med, the number of its parts is not in conformity with that of the 
other whorls. In such circumstances, however, a flower is still called 
symmetrical, provided the parts of the other whorls are normal. 
Botanists are in the hahit of neglecting the permanent state of the pistil 
in determining symmetry. Thus, Figures 446 and 448 show pen- 
tamerous symmetrical flowers, with dimerous pistils. Figure 447 is 
the diagram of a pentamerous symmetrical flower, with a trimerous 
pistil. 

246. The various parta of the flower have a certain definite rela- 
tion to the axis. The terms superior and inferior have reference to 
their position. Thus, in axillary tetramerous flowers (Fig. 449), one 
sepal is next the axis, and is called superior or posUrior ; another 

■ next the bract, is inferior or anterior, and the other two are lateral ; 
the petals (when present) being alternate with the sepals, are so 




placed, that two are posterior, and two anterior ; while the four sta- 
mens are arranged like the sepals. In a pentamerous flower it 
happens, that either one sepal is superior, two inferior, and two lateral, 
as in the calyx of Eosacese (Fig. 450), and Labiatte (Fig. 440) ; or 
two are superior, one inferior, and two lateral, as in the calyx of 
Legiirainosre (Fig. 451). The reverse, of course, by the law of alter- 
nation, is the case with the petals. Thus, in the blossom of the Pea 
(Fig. 452), the odd petal (vesillum), st, is superior, while the odd 
sepal is inferior. In the Figwort order one of the two carpels is pos- 
terior, and the other anterior, as represented in the centre of Figure 
453. 

247. A flower normally consists of four whorls, calyx, corolla. 



Fig. Ma. Diagrsm of Ihe flower of Snow-fl^ke (tn™>«). cmuriiljng of tire 
orll, Bil Itimeiil in two alternating nni'l, BDd IhTEe Carpel!. The Sower ig 
^Br, BDd tiineroni, 

Kg. 443, Diagram of the flower of Roe (SuU). coniiiting of Srt pnrti o 
folla, ten liameni in two iltenmting rowi, end five carpelB. The flower i« 
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Btameos, and piBtil, and, when theee are all present, the flower ie com- 
plete- Wten each whorl consiBts of the same number of parts, or of a 
multiple of tlie parts, succeBBively all«matmg with one another, we 
have seen that the flower is sj/mmetrical. When the different parts of 
each whorl are alike in size and shape, the flower 1b regvlar. The 
abeence of any of the whorle renders the flower incomplete, as in 
Figure 454, where the corolla ia absent ; in Figure 455, where the 
corolla and stamens are awanting ; in Figure 449, where the corolla 
and pistil are deficient; and in Figure 418, p. 175, where calyx, 
corolla, and pistil, are awanting. Want of correspondence in the 




number of the parts of the whorls causes want o 

has been already shown, while differences in the size and shape 

Fig. i45. DiRgnm o< Ihe ijmmQtriul pentamerDiu Sawa tS the StnwbeiTj {Frofotia tetca). 
The »1^ CDiuiiU at twa vharii of Bre paitg each, Ux ooter bong ciUed (he epicalji -. then are foe 
petaU; the itament ue Bboot tventf , coaatitntiDg fonr Bltem&tlng rowt of five •tBDent each; the 
carpeli an Toy DnDeroni, bat are fome ibiilti|ilB of fire, and are aiTaDgcd in alternating rowa. 

Tig.*t6. Fiawaotliidiiii(BuKaliiitleriti). Theoatardieleii theobH^ela ciIti, withitapaiU 
nnited i there ate flie peteli and Eve gtameni, while the paiti of the piitil ue oalj (wo (dimenmi). 
The fiDwer IB, DerertheleaB, aaid lo be ijmmeCricalr 

Kg, 447. niigram of Bawer of <ireeli Talerun (PabEwniiin MTmlnn), having fire dhriaioDI tf the 
calft ana eoroUa, five (lameiia, and nn]; three pattj of the piitiL The fiovei ii tailed ijmiKliieal, 
although the carpellarj vhorl does not correBpond in nnmhei with the otlien. The three ont^rirhorlfl 
Bie pentameroot. the central one ia trimeroiu. 

Tig. MS. Diagnb of the fiower of Said&ttge (Smjdfiuga triJiulfUtet). Thecaljx and corolla cm- 
liet of five pertB. the Btamens are ten in two rowi, while the piatil haa «i]y tvo puia daveU^ied. Jbt 
flower ia, Dereithelfu, called ■jmDOUjcali alUioiigh the outer wboi^ 
one dimerona. 

Fitr. Ml. TetramaoBB male (nslaexnal) amrer of the Nettle 
muita potalg and platll ; and It la aald to be monoctalamydainia, Ou aepal la next the aili, and 
la called posterior or npeilor. another li nest thobnut, sailed antariororluftriiK', and two anlataral, 
that la, to the right and led of the axLa ThIalattaeuualoaCDrTeDceiDnantiallrtotniiDacoiiiAowen. 
In planta, however, mch ai Veronica, hehmgiDgtoanataralvderwhara the normal nuabar la five, 
there arc 0^00 ItrcglllalitleB. 
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of the parts of a whor! makes the flower irregular, as in the pa- 
pilionaceous flower represented in Figure 452. 

948. In their earliest stage of development all the parts of the 
floral whorls are regular and symmetrical, consieling of similar minute 
cellular papillfe arising from the axis. The alterations in their regu- 
larity and symmetry depend on changes taking place during their 
growth.* These alterations depend on the adhesion of one part to 
another, the union of different whorls, irregular growth, complete 
suppression of one or more parte or whorls, degeneration or degrada- 
tion, multiplication of parts, and chorisis or deduplication, 

249. A flower becomes incomplete by the non- development, or by 
the transformation of one or more whoris. It becomes irregular by 
one or more parts of a whorl being enlarged or diminished in size, 
and by irregular cohesions ; and it becomes unsymmetrical when some 
of the parts of one or more whorls are suppressed, so that their nume- 
rical relations do not correspond. Thus, in Figure 457, by the disap- 
pearance of tbe whorl of stamens, the flower becomes incomplete, and, 




in Figure 456, the same tiing takes place by the suppression of the 
pistil. By the difference in the form and size of the parts of the 
corolla of a Pea (Fig. 452), the flower becomes irregular, and, by the 
non- development of a stamen in the Dead nettle (Fig. 339, p. 146, 
and Fig, 440, p. 184), the flower is unsymmetrical. 

250. The consideration of all the changes which the parts of 
plants undergo, or, in other words, the permanent deviations from 
what may be considered as their normal state, is inclnded tinder the 

fig. 4{ia Diagnm at Boiror of Roae, ahswiiig one dlrUlon of the cslyi Enperlor or oeil the 
nxli, and two iD&rioi or nut the brad- Tbe peUle itn siTuiged Bllemalely with Iho CBl}\dne leg- 
menlt, and benca two or Itaem an niperlor, and om Inferior 

Flg^ 4fil. Diagram of dower of Sweet-pea {^afiiyni), ehowlng five pana of ItieuUyi, of wtalch 

Inferior, and two lateral ; tan itamana in two rowi ; one carpel, in wnsequence of foui bi^g unde- 

Flg. W2. flower of Pea (J^ 
■(, oiled the itandard (naUlnm 
wlnga(alie). Tbe calyx Is maAed c 

■BimcoudBarlorganoeenicdeacoroUciltTeguU^ree. Ann, dee Sciancfe Nat. 3 ser. Bot tUL St 
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temi Teratology.* Every alteration in the organs of the flower may 
be traced to the morpholo^cal laws to which we have already alluded. 
In treating of the separate floral whorls, notice will be taken of the 
changes which they undergo ; in the meantime some general remarks 
will be made on the cauees to which these changes are referred. 

251. Union or adhesion of the floral whorls, or of the parte com- 
posing them, gives rise to various changes in form and Bymmetry, 
The adhesion is sometimes very irregular, so that certain parts are 
more completely united than others. Many forme of irregular flowers 
are due to this cause. The non-devek^tment of whorls gives incom- 
pleteness to the flower. The absence of the corolline whorl renders 
a flower apetalmti or monocklamydeoua (Fig. 412, p. 174, and Fig. 
454), the absence of both the calycine and corolline whorl makes 
the flower naked or achlamydeoia {Fig. 418, p. 175). The suppression 
of the stamens (Fig. 455), or of the pistil (Fig. 456), renders the 
flower unisexual. The non-appearance of a whorl deranges the relation 
of the different parts, and destroys their alternation. -J- Thus, in the 




one belu; iborUTei as 
00 Ndnjtnipertor. nod tin otiHT 



apetalons flower of the Nettle (Fig. 449, p. 186), the stamens, in place 
of being alternate with the whorl on ikea outside, are opposite to it. 



ng. 4ES. Dtagiam of flowm of ProgBnonlb {AnlinUnvm 
regular. BeloW Ig npreaanted t, single braiA. There are 6- 
five of the corolline, but the ports ive DoeguBli Uhtb tie on 
reprMenisd above the plMll; tlie plttil conaiMii onlf af two cupela. on 

infMor (neit tlie btsot). In the cnlyi one part la nperlor, two hif^itoi. uid two Utenl; miMln 
the coroUa. two are sopaHor, one Inferior, anil two lateraL 

Fig. 46*. DtngTam of the Oower of Aiarabaoa {Aianm ttarofmam). The flower !• iDcomplete. 
owlDg to (he abKnoa of petal!. It la called mouooUamydeoui. The inangement li trimeronl, 
there bdng three divlslona of the caljnc, nineaUnuni In three nnra, and di cupela. 

Fig, 4Bfi. Diagram of the t^male flower of the Nettle {Uriica). It la manochlamydeoiu (wttli 
calyi onlf ), BDd iDcomplete, ae (be petal! and atanma an abaent. The tlower la nnlsemaL 

fig. 466. Incomiflete (lower of a Fan Palm fduamervpi). The plstn la inppmwed, ao that Oit 
flower Is nnlaeinal, and male or atamlnUbrona. The flower Is trimeroua. 



T6ialologle Vegetale. MonCpelUer, IStl. 
f The change In the alternate arrange 



. Moqalo-Tandoo. TtntrAoffit V^gttele, and Hj 
Dent of Hie parta may be slid to give rise to 
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iind this relation of parte leads to the detection of the suppreBsed 
whorl. So also, in Geranium {Vig. 458), the outer row of stamens is 
opposite the petals, showing that there is a still more external whorl 
suppressed, as indicated in the figure by the hlack dots. It will thus 
be seen that many anomalies in this arrangement of the floral ver- 
ticils may be accounted for by changes such as those we have men- 
tioned. 

252. Various parts of the flower are apt to become abnormal, or 
degenerate by tranaformationa of different kinds. Some of the parts 
may be converted into scales or into hairs. The floral leaves of the 
catkin of the Willow (Fig. 348, p. 148), and those of the Hop (Fig. 

352, p. 149), are membranous scales, while those of the Cone (Flg'- 

353, p. 150), are hard scales ; the Wig-tree (Fig. 368, p. 154) pro- 
duces hiurs instead of flowers on some of its peduncles, and the calyx 
of the Dandelion, and other compound flowers (Fig, 365, p. 154), 
assumes the form of hairs, which remain attached to the fruit. In 
double flowers the stamens and pistils degenerate by being converted 
into petals. 

253. Sometimes the parte of a flower are increased in number by 




the growth of additional parts, or by the splitting of organs during 
their development. This latter process is called Chorisis, and seems 
to account satisfactorily for the appearance of certain anomalous parts 
which do not follow the law of alternation. This chorisis (separation) 
consists in the formation of two parts out of one, the separated parts 
being either placed one in front of the other by transverse chorisis, or 
side by side by collateral chorisis. The lamina of a petal may be split 

Fig, 457- Ipcomplets flowar of a Fui Pdm (ChamxrapiJ- The tumaa are tnpfnaati, aa that 
the Bower la nnlseiual, and /emale, or plRIUlfsrona. Tha BoT«r 1> trimenHia. 

Fig. 4S8. Diagram of tbe fiover of Oeraoloin, ghmriDg five petta at the calfdn and coioIUh 
whoriB, ten allemfil^g perfect BtnQwia in two rowo. and Ave cnrpda Tbe outer row of ttunena br 
bowerar, oppoaita to tha patata, In placa of being altamola, end couBequantl^ then ia a ixtw abaant to 
make up the perfect aymtnalry. The nndeyeloped row i> moitBl by black dota, It Bppeara In tbe 
form of tve abortive itamena. Tha relation of the different parte of a flower thus leads to the detec- 

Hg.lM. Ported petal of Roie-oampion (Ijciprit), showing a landna, >, detached from It, and 
atandlbg opposite to It. This aeale on the petal la Hippoaed to be produced b; tnnarerBe chorlsLa or 
dllunlnatioD. Had the kbIb been allamate vith the petals, it would hate been looked npon aa nn 
abortive atate of another whorl- The petal baa a luurow part below, which ia called an UDfrnla or 
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in such a way that a ecale is produced on part of it, as seen in 
LychniB (Fig. 469, s) ; stamena may be divided so that two standing 
collaterally are produced in place of one. In this way some account 
for the abnormal state of the stamens in cruciferouB flowers, such as 
Stock and Wallflower (Fig. 410, p. 173, and Fig. 460). In tbeee plants, 
while the calyx and corolla consist of four parts, the stamens are six, 
owing, it is said, to collateral chorisis of two of them. The flowers are 
thus considered normally tetramerous. In the Fumitory (Fig. 461), 
there are two sepals, four petals in two rows, and six stamens. The lat- 
ter coDEdst of two perfect stamens, and four incomplete, which are con- 
sidered as being produced by collateral chorisis of two stamens. In 
this way the flower would be normally dimerous. When the parts of 
contiguous floral whorb are opposite to each other, in place of being 
alternate, the occurrence may be accounted for, either by suppression 
of a whorl, or by chorisis. The scales in Figure 433, marked by lines 
within and opposite the stamens, may be traced to chorisis, so also the 
arrangement of stamens, in Figure 462. Collateral chorisis may be con- 




sidered as equivalent to the division of a leaf into a number of sepa- 
rate leaflets, each resembling the other, while transverse chorisis may 
have its analogue in the ligule of grasses (Fig. 517, p 136) There 
are many anomalous changes in flowers which depend on cultivation. 
Such monstrosities, however, will be easily accounted for by bearing 
in mind the morphological laws on which these metamorphoseft depend. 

FIff, Mo. DlAgnm of Ihe flmrer of the wmmun Stock {ilatihiola iif uu} Tbe cajydne vhtai 
wnalgtB Of nxiT pjirts, (he coTDlUne Alio of faiu, ^ut the stamena em ekx. of whicb four ara itmg and 
two ihorL The finirhtiig pre placfid logether In poira, u nhawn In the diHgram. and Bome tuppcBd 
that each palrlsoriglnaUy oncfltniafia, wblch spUIa Into two by- wllaleral dioriAls. Tho divLiloDi of 
the pimi eir tm. a itata vrbloh lome conriiler aa being produced by the abortion of other two car- 
Fig. Ml. DlagrunoTthe Soverof Fuinlt«7 (AiiurtaJ. A bract 1i lepieuoted below, then two 
•egmenti of the calyx, then finir parti of the conriUne whorl, in two rowg, thendx etameps, andone 
carpel forming the platIL Or the elx atAmens two on^y Are perfecL and the other fnor an ImptrfCct. 
having only ono antherlne Lobe; Some acppose, therefore, that these four imperfect Btamena are In 
rcAllty pndined by the coUatia^ cboilila of two perfM onei. The alainona may Chni be conddered 



Fig. MS. Diagram of,flitwcr of Coin 
ind five Blt«matlng petaJa, munorouB i1 
naiB bdne pintcd opposite, tn place of i 
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2. THE FLOWER-BUD, 



254. The various parts of the flower consisting of the floral enve- 
lopes, and the essential organs of reproduction are contained in the 
flower-bud. They appear at first in the form of small cellular mam- 
millee, or prominences, the parts of each verticil being' equal and se- 
parate. In their development (organogeny) they follow the same 
order as leaves — the extremities of each of the parts being first formed, 
and irregularities, caused by adhesion and other canses, occurring only 
during the progress of growth. In general the whorls are developed 
successively, from the calyx to the pistil ; but, in some instances, the 
petals are retarded in theb growth, so that the stamens are completed 
before them. 

255. The terms Prafioration and ^Sstivation are used to express 
the arrangement of the djfierent parts of the flower in the flower-bud. 
The relation of these parts to each other is similar to that which 




o u 



occurs in the leaf-bud, and which has been considered under prjefolia- 
tion {^ 153). The same terms are also used to express the nature of 
many of these arrangements. As regards each leaf of the flower, it is 
either spread out, as the sepals in the bud of the Lime tree, or folded 
upon itself (conduplicate), as in the petals of some species of Lysi- 
machia, or slightly folded inwards or outwards at tlie edges, as in 
the calyx of some species of Clematis, and rf some herbaceous plants, 
or rolled up at the edges {involute or revolute), or corrugated and 
crumpled, as the petals of the Poppy (Fig. 463). 

256. The position of the parts of the flower relative to each other, 
in the bud, gives origin to the terms valvular, contortive or twisted, and 

ng. 463. Diagram of the flowu of Poppj iPapatn-), shewing tvn) hpbIb placed eiternaUy and 
unuigcil In an obvolnte manner, fou crumpled pelala, amnged allemalely [n pa^ts. numeroaB 
Mameoa, afnngBd hx verticUa, and tea dlvUluns at Uifi pldtil. AJl the parta an mujtiplca of two, 
and the Oowei may be called dlmaroiu. 

Fig. 4U. IHagram la lUoMnla ValvuUr di Valcatc ffiativatlnQ, in whicb the ^aits an placed in a 
drele, without overlajipiiig or toWing, 

I^g. 4SB. Diagram la illuCnle IndnpllcaUve oi IndupUeatc sslivalion, in nbich the puitg of tbc 
TvUdl an aUglitJy tnmed tnwarda at tbo edgea. 
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imbricated. In the first two the parts are placed at the same level, in 
a circular mtiDner, while in the latter they are at different heights, 
and follow a dietmctly epiial order. The BBtivation is valvular, or 
the parts are wranged in a valvate manner (Fig. 464), when they are 
BO applied as to he in contact at their edges without any folding. 
They are in a cu^ular verticil. When the parte of the verticil are 
slightly folded inwards at their edges the testivation is induplicative 
(Fig, 465), when folded outwards reduplicative (Fig. 466). When 
the parts of the corolla are united they are occaraonally folded in a 
plaited manner. 

257. In Contortive «stivation the parts are in a circle, or appa- 
rently so, and one edge of each is directed inwards, bo as to he over- 
lapped hy the contiguous pM% while the other edge covers the mar- 
gm of the part adjacent on the other side ; each part also is, as it 
were, twisted on its axis, and the whole whorl exhibits a convolnt« ap- 
pearance (Fig. 467). It is well seen in the unexpanded petals of 
Malvaceous plants (Fig. 468), in the corolla of Cyclamen (Figs. 469 





Fi;. tea. Fig. leH. y'i^. kt. 

and 470), and in that of many Apocynaceie, which were called Con- 
tort« hy old authors. 

258. The (estivation called iiitbricaled or imbricative-, embraces 
those bud arrangements in which the parts are placed at different 
heights BO as to overlie each other, and form a more or less evident 
spiral cycle (Fig. 471). When the parts of a floral whorl are five, 
as is the case in many Exogens, it is often found that there are two 
parts wholly on the outside, two completely internal, and one mterme- 
diate, overlapped at one edge hy one of the outer parts, whUst its 
other edge covers one of the inner parts (Fig. 472). This is quin- 

Fle 4SS. IHignm lo Dliutnte rcdupllciitlve or ndupUciU ntlTiitlar, Is vhlcli the partg of tbe 
vfawl ue fiUghUy (amed ontwjirds jit the edges- 

Hg. 467- DlHgTHm to UlDfltralfl contortive or twisted AMtLvUioD, \n which tlie parU or the whod 
are orerlipped by each otJier In turn, and an twIAed on their ai«, Thli Is common In ths Hal- 
id which thera aie time onter aepals, forming the cpi- 
. arranged in a anmewhat reduplicate manner, and f 
that itBIt to It, and la Ite turn overlapa ita nelKhboDT 
m their asia- NumcTons itaineni and carpels occup 
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cuncial or spiral imbrication, aod is thfi normal arraiigcment in penta- 
meroua flowers, corresponding with the -J arraDgement in leaves. In 
personate flowers, as Frogsmouth, a variety of imbricated astivation 
occurs, called cochlear (Fig. 473), in which the seci>nd part of the 
cycle, in place of being external {as in the ordinary qnincnncial ar- 
rangement), becomee wholly internal. When imbricated testivation 
occurs in trimeroua flowers (Fig. 474), there is one part outside, one 
inside, and one intermediate, the arrangement being J, as in leaves. 
When the flower is tetramerous (Fig. 475), there are two outer parte 
and two inner parts ; this being analogous to what occurs in opposite 
decussating leaves. In pea-like blossoms (Fig. 452, p. 187), it is 
usual to find a modification of imbricated sestivation, called ve^nllary, 
in which the large petal called the vexillum, and which is superior or 





next the axis, overlaps the rest (Fig. 476). In some instances, as 
in the Judas-tree, the vexillum is included between the lateral petals 
(alw), as represented by the dotted lines, 4, Figure 476, The different 

iMf or the Sowbreid {iTsdamta ntropintm). The 
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verticils of the flower have not always the same wBtivatioD. In the 
Mallow tribe {Fig. 468, p. 192), the calyx is valvate, while the co- 
rolla is twisted ; in St, John's Wort (Fig. 477) the calyx is imbricated 




and the corolla twisted; in the Rock-rose (Fig. 478) the three inner 
sepals are twisted in one direction, while the petals are twisted in an 



Elgr- 4T4. DtajTBin of Imbilctite mtlTBtlod in ■ tiimeraiu floirci <FrililtaTia\ la which «ie put 
Is onUida. one ioMit, aod one InlennedlUs. tta« lBU«r puHaUy orerUpplnB: the Inner pun, and beliiE 
In its turn pAttlAlly over\»ppfA by the Dut«r- 

Fig.47&. DIagrun of a flower havlD^ four porta, of which two are outor, overlapping tha pdgeaof 

Fig. 476. Diagram of a pBi^onaooiu flower, shewing vexUlaiy SEetlTation, 1 and S the elK or 
wlnga. SspBTtofthecuinaDrkiwl, 4 the vsiUlum or standard, wbidi, in place of being Interna], ■> 
marked by the dotted line, becomei external. 6 the remaMhig put ot the keel. The order of the 
cf ele i> Indicated b; the flgurea. 

Fig. 471. Diagram of the flower of St, John's Wort (Hyfinicumj, In which the sepola and petala 

Fig. 47S. Diagram of the doner of the Rock-rose (fitlisnIitfnHin), in which there are two onto 
■epala and three Inner cnea, the lBt(erbehig(irlBted In one Erection, while thefire petal! are twlstol 
in the oppo^te dlrecHun. The elemene an nninerODB, the [^tii io the centre shewi three diiidona. 

Hg. 47B. Flower of Wallflower ( CHiimHliia Ckeiril, shewing the pednnclo, ptd, the colJT com- 
poeed of fttor ecpals, j, the corolla, of four petala. Pi 

Tig, 480. The calyx of Wallflower Bepareled. a] 
al the base, i.c., exhibit slight pif()ectiona or swelli 



le fbor sepals, two of which are gibbons 
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3, THK FLORAL ENVELOPES. 

A. The Calyx or Outer Floral Envelope. 

259. The Calyx is the outer floral envelope, and ie composed of a 
whorl of leaves called Sepcds (Figs. 479, s, and 480). ThcBO leaves 
have usually the structure and appearance of ordinary leaves, as re- 
gards the distribution of their cells and vessels. They are frequently 
of a. greenish hue, having chlorophyll in their cells, and stomata on 
their lower (onter) epidermal covering. In Gentiana campestris, and 



G-. crinita, the sepals resemble the ordinary leaves of the plants. In 
proliferous states of the Rose (Fig. 481), Dutch Clover, Oriental 
Poppy, and Primrose, the calyx assumes a leaiy form. In a specimen 
of Lycium europieum, Turpin noticed one sepal resembling the ordi- 
nary leaves ; and in Muss*enda macrophylla, one of the sepals is deve- 

Fig. 481. Honstmia Bower of Uie Boh, ihowlag the calfl, c. wUh the upili like true leaiei, 
tbe petaU, p. oialtlpUed at the eipaiH of the Muncua, the caipde, /, tnnifjrmed hito colonred 
Icavea, and tbe mtU, a, prolonged, and bearing ui at)DrUTe Sowei-bnd- 

Flg.4S2, Mower of Honkihood (Aamilum Stpilliu), thawing the peculiar helmct-ihapal calyx, 
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loped as a large white lent, while the others are small and green. 
When not green the calyx is said to be coloured, as in Columbine (Fig. 
393, p. 164), in Monkshood (Fig. 482), LarkHpur, Fuchsia, Indian- 
cress (Fig. 483), Lily (Figs. 411 and 413, p. 174), Iris, and Nar- 
cissus (Fig. 343, p. 147), In the three last mentioned plants, and 
in most monocotyledons, the name perianth (H 227) is applied to the 
calyx and corolla. In Fumitory (Fig, 522, p. 203), the calyx consists 
of two coloured scales. 

260. It is not common to find the individual sepals divided. 
Sepals are usually sessile leaves, having no stalks. They are either 
distinct lri)m each other, as in Wallflower (Fig. 479, a), or they are 
combined, as in the Melon (Fig. 484, c). Wlien the sep^ are separate 
the calyx is polysepalom, polyphi/llous, or dialyaepalovs, the number 
of sepals being marked by the Greek numerals prefixed. Thus, dise- 
palous means a calyx with two distinct sepals ; trisepalous with three ; 
tetrasepalous with four ; pentaeepaloua with five ; hexasepalous with 



six ; or the Greet word pkyUa, meaning leaves, is used, and a disepa- 
lous calyx is denominated diphyllous, and bo on. 

261. When sepals are united by adhesion, they form a gamosepalom 
or gamophylloui calyx, terms implying union of sepals or leaves, and 
therefore preferable to monosepaloas and monophyUous, which mean 
literally one sepal or leaf. This adhesion of sepals varies in extent, 
and thus gives rise to the terms, entire, when the union is complete, 
and there are no division at the top, as in Correa, toothed (Fig. 485), 
cleji (Fig. 486), and partite (Fig. 487), when the divisions are 
mere toothings, extend to the middle, or to near the base. Thus, a 
gamosepalous caljx, as shown in the figures, may he five-toothed (quin- 
que-dentate), five-cleft (quinquefid), or five-partite (quinqne-partite}, 

Hg. 4S3. Floira' of Indian Cam <TTaptiilHm maJBt), In which the calyx, c. ig cnioared, aodtbrea 
of itfl Hpali HTB prolong In the fonn of ■ ^mr, j, (calcar). 

Fig. 484. Mak Sower of H<doD (6'iiciiinii Sftlo), ihowliig ■ Kunoupaloni calyi, c, having (ooth-llke 
pn^Ktloiiii at tiM mar^tn, and coTered with halra. The petals an Qve, beaqt^Lly reliKd, and 
imiulcaled In iratLTatlon- 

F\g. 486. GunoMpaloiB, flv 
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the mimber of divisions usually indicating the number of sepals of 
which the calyx is composed. In an entire gamosepalons caJyx the 
venation assists in the determination of the number of sepals, 

262. When the union of the sepals is not equal in all the parts, 
the calyx has an irregular form, as in Lathyrus (Fig. 488), and in 
Labiate flowers (Fig. 489). In the latter case the calyx is two-lipped 
(bilabiate), the upper lip being composed of three sepals, one of which 




is either arched or stancb out from the rest in a marked manner, and 
the lower lip being formed of two sepals. The united parts of a 
s calyx form the ft/fte, the free portions at the apex are 
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the lobes or eegments of the lijiib, and the orifice of the tube U t)ie 
throat (faux). 

2G3, The tube of a gamosepalous caljfs frequently adheres more 
or leee completely to the other whorls, especially to the pistil. In 
the latter iuatance the calyx remains persiBtent, and forms part of the 
fruit, aa in the Apple, Pear, Gooseberry, Pomegranate, and Melon (Fig. 
490). In such instances the limh of the calyx often becomes degene- 
rate, and is either absent (Fig. 491), or appears in the form of scales 
or pointed projections (Fig. 492), or of a circular rim (Fig. 493), or 
of pappus, as in Compraite flowers (Figs. 494 and 495). In the ad- 
herent calys of Valerian (Fig. 496), the limb is at first a ring, but 
ultimately expands in the form of hairs (Fig. 497), and hence is called 
pappose, 

264. The calyx may continue persistent, and yet be separable 
from the fruit, as in Henbane (Fig. 498), in Mallow (Fig. 499), and 




in the Peruvian Winter-cherry and other species of Physalis (Figs. 500 
and 501), where it increases after the flower has withered, and sur- 
roimds the fruit like a bladder. It sometimes continues in a withered 
state, as in the Heath, and is called marcescettt. The term superior 
is applied to the calys or perianth when it is so united to the fruit as 
to appear to arise from its summit, as in Melon (Fig. 490), and Iris 
(Fig. 502). In the Rose (Figs. 503 and 504), the tube of the calyx 
bears numerous carpels on its concave surface, and the limb at the 
summit is divided into five segments. 

[1g.4SG. BecepUde md relleied IPTolncn, b, orDuideUoii {Ltonloiim Tumiacim). with Uh fruit 
snd calfi. e, uUerenl to It. The limh of ttaa cBlji uppean in the (Orm of Btalked hain (psHHia). 
'Die calyx li udd to degenente, » u id become pappoie. 

Flg.we. FloHerDfVtderiBa(ra'minu),^thtlwud7i,c.KdlHJieD(lotbefniIt. Tbeliinb,f,ofthe 
cBlfX B^Kan u 1 ring, campdwd of namerouB bain vhlcli ve coiled np, from wilhont inwudi. 
The corolla 1b gumopetaloiu, irreguUrT glbboiu At the base oa one aide. Tbete are thn« lUmeiH 

(rofrriima), with adbtrent calyj, c; Oic limb of the cUfi. J, hu now 
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265, Id place of being persistent, the calyx is frequently deciduous, 





FlB.502. Kg. 503. FlB, 60t Pig. 5llo. 

falling off immediately after the flower expands, as in Crowfoot (Fig. 



tig, 499. FcrelBtenl CBlyi of UbUow (Katmi, remaining studied U tho frnlt, utter the floner 
F^. too. Blodder-Uke celyx of the WlDter Cbaiy {Piftalii A tkektngii, vhleb 1b pentiBlent, or 

FlR, sot. Biadder-llte calyx of tbe Winter Cherry (Piytalii jiHrlmpi). laid op™ to ahoiv Ibe 
mode In wUcb It >iiironDdB tlie thill wltliDDt adhering to It The calyi li perelitent, but not ad- 
horent. It enlarja after the flower wdthera, and la called acerescenL 

Tig. BOS. Flower of Irla. with the upper put of the perUath cat away. The jierianlh )g adbereot 
tDthelowerportlonartbepliUl.a, andpaitofChe tubeofthepeildnlb, t, Uaeeu aborelheovary, o. 
Hanee, tbe psrisnth la mpsrior, and Iho onry btferior. The styloa are maiked sig, »nd tbe Mljiou 
ttig. 

Ng. EOS. t^tof the Beee {Sou), con^itlng of tho tbickened calyi bearing tlie cu^iela inalde. 
The Umb of tbs culri, t, la divided Into Ave Kgrnents. 

¥\g. sot. Ttoit of tbe Roae cut Tertlcallr. ihowlng tba concaie tnbe at the calyx, c, bearing 
numenaa aepante caipela, n, wltb atylei atlacbed. The Mamena are ettached to the calyx. Some 
look open the part bearing tbe carpcia aa a boUow pirtlon of tbe receptacle, wblle olben conglder It 
u really tbe tube of the calyx lined with a flMby dlat. 

Fig, An&. Cadncoufl calyx of Toppy {PopaPir}- [t lacomposcil of two sepala, whldi fall off beAire 
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337, p. 144). In the Pc^py (Fig. 505), the two sepals are detached 
before the antheas or the opening of the fiower, and they are said to 
be caducous. In Eschscholtaia, the calyx is composed of sepals unltfid 
together, and joined by an articnlation to the thalamus. As the flower 
expands, they give way at the joint, and fall off in the form of a candle- 
extinguisher. 

266. By tl:e irregular development of one or more sepals, the spurred 
(calcarato) calyx of Larkspur and of Indian Cress {Fig. 483, p. 196), is 
produced, as well aB the hooded or helmet-shaped (galeate) calyx of 
Monkghood {Fig. 482, p. 195). In Grasses and Rushes the perianth 
assumes a glnmaceous or scaly appearance. In Diplolfena, the sepals 
are reduced to five scales. Occasionally there is a suppression of one 



W 




Rg. B07. Ftg. BM. Y\S. 

or more sepals, as in some species of Chenopodiui 
Accidental snppTessions of this kirid have also been s 
liferous variety of Arabia alpina. 

267. It is very rare to find the calyx wholly absent. This, how- 
ever, occurs in some of the Euphorbias, in which the flowers are 
naked {achlamydeous), as shown in Figure 418, p. 175. In these 

llg. 006. Calyx-Uke (Csl^dlbris) iDTulacre of Enpboibis, endoring nnmemu male floirsn, mi 
OM f«nule flomr,/ wHh three forked at:rleB. The indlvldiialfloirenireKiilly nuked or mdilBipydsoiu, 
In conBsqueuce of the Hand enTcIopei brfng snppreiaed, 

ng. 607. Donlile calri (Cidyculiite otijx) at Scmwbeny {F^aria sues). The outer atjx Is 
culled splodfx, and conatMs of Ave imall leares, while the Inner ixiDBlits(tf five luKe sepals. Booie 
eoDdder the epkalyx aa a verticil of brsct^, 

ng. EOe. Flower of Birtbnort ^An^llll^xkia), coasiMlng of a aingte Ootai enwiope 
Ikerept to the platti, o. Tiie flower Is monocJdamydeons, and the periaath, fi, eaperlor ar 
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plants there is a series of bracts which at first sight appear to be the 
calyx ; but they are really an involucre inclosing seyeral diBtinct 
flowers (Fig. 506), In the Strawberry and Polentilla, the calyx con- 
sists of two alternating whorls (Fig. 507 ), the exterior of which haa been 
called epicalyx, and is by some considered a row of bracts. The Bame 
thing occurs in the Mallow tribe (Fig. 355, p. J 50, and Fig. 356, 
p. 151). The nature of this epicalyx serves to distinguish some of the 
genera. This epicalyx is also Been in the Carnation (Fig, 404, p. 
170). When there is only one floral envelope present, as in Coosefoot 
(Fig. 412, p. 174), and in Birtbwort (Fige. 508 and 509), it belongs 
to the calycine whorl, whatever may be its form or colour. 

B. The Corolla or Inner Floral Envelope. 

268. The Corolla is the inner envelope of the flower, and is com- 
posed of a nborl of leaves called petals, which alternate with the se- 
pals, as seen in Figure 510, and are frequently ^^ ^ - ^^ 
equal to them in number (isomerous), or some /y^^' "^S^K 
multiple of them. The petals differ from the X _ •s^^'^^'t^ X * 
sepals in being rarely green. They usually i 

exhibit showy colours, and are often odoriferous, f ^ 

Structurally they are composed of cellular and \\^^ c^ty J 
vascular tissue, the latter being spiral vei 
and delicate tubes. The epidemiiH of petals ■ 
not in general exhibit sfomata, but it sometimes *^* ''"'■ 

displays beautiful hexagonal and radiating markings under the micros- 
cope. It is usually smooth (glabrous), but occasionally coloured hairs 
occur on it, as in the Buckbean. 

269, Petals originate in cellular projections, which are cither con- 
nected by a ring of cellular tissue, or are separate, according as the 
parts are ultimately to be united, or to remain distinct. Even when 
the petals become irregular in after growth, they are equal in the first 
instance.* Some petals continue to increase in size after the flower has 
expanded. Thus, in the long-tailed Ladies' -slipper (Cypripedium 
caudatum), the petals are very short when the flower opens, but they 
acquire length day by day, at a rate which would enable an attentive 
observer to see them grow. Mrs. Lawrence gives the following mea- 
surements of a plant which flowered at Ealing Park ; — 

lachea long. 

When the fiower first opened, the petals were i 

On the second day 44 

On the third day S^ 

On the fourth day 13 

On the fifth day 18^ 

FIf. G1D. Dligrun of the fisirei of Ui« OreDge, abewing an eiumal whocl offlvs Hpela. and la 
tiiepWJl. 
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The same lengthening of the petals occurs in Epidendrnm aDtennifemm, 

a singular orchid, from Xalapa.* 

270. The forms of petals vary. Sometimes they resemble aesaile 
coloured leaves, as in Crowfoot (Fig. 511), and in the Rose and Cinque - 
foU ; at other times they are separated into two portions, as in the Globe- 
flower [Fig. 512), and Wallflower (Fig. 513), one narrow, c, forming 
the claw, and the other broad, /, constituting the limb or lamina. Petals 
being like leaves, exhibit varieties in their outline or circumscription, 
In some plants they are split at the apex, so as to be bifid {Fig. 514), 
or trifid, or cut into niunerous segments (Figs. 515 and 516). When 
a small portion of their apes is deficient they become emarginate and 
obcordate (Fig. 405, p. 171), and when lobed at the base they are cor- 
date (Fig. 535, p. 207). The apex of petals is sometimes prolonged 
in the form of a narrow thread, as in Strophanthus, or it ends in a 
point, which is either strtught or inflexed as in Umbelliferous plants 




(Fig. 517, J)). Sometimes petals which are bifid or fringed, such as 
those of the Fink and Caucalis grandifiora, become divided to their base. 
This division of petals has also been seen in Poppies and in Sap- 
onaria. Some petals are folded, so as to assume a tubular or pitcher- 
like form, as in the Hellebore (Fig. 518), a spurred form, as in Colum- 

Fig. Gtl. Fetal of CnniftKit (BamMailxi), without b dan, ud thus memblliiE a B«aUe leaf. Ai 



1. Ungnl 



ndltBlkod petal of Globa-floner(T'roHiM tvrnTltul) 
■talked petal or WsUSooer (Cilnr«»Ka C/uirii , < 



Fig. 611, Fbirer of Camploo {LfeUmi}. wltli five petal*, the lamlnc of whlcti 
ind an called blfld. Soalu oocur cm the petals at (be polot where the blade and 

Fig. 6U. One of tha UCeral pelalg of Mignonette (Bettda), Its blade li 
egmenta, and has been called laclnlated. 

Fig. SIS. Inner petal of UgnonetM (SaiJa). ihewliv a blade dlilded deeply 
nenta. TbedlrldoDer hidnlatloni^thBpeulaiicoinmon In the natunl order 
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bine(rig. 519), Violet (Fig. 520), and Larkspur (Fig. 521), a gibbons 
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Ulll, r, MB shewn with inflaied poinB (spicnlal. 


The calyi li adherent to 


theftuH,/ 


whlchla 


opensd. w es to eihlblt two lotaenla. with b 11111 


(lejKnilnlou. ovule in KKh. 


At the m« of the 




1 nylEi and etlgmaa, wllh an 






lHi», called an cplgy.io,i.dii<k. Tbe atiimana ue . 








Fig, 618, Tubular petal of Hellebore (HiUam 


ii>, ibnnsd bj folding and adhetlon. Id 




Boosa ai pllchen |Pir, IW), Thsse boUon petali were called OKUrieB by LI 






Fig, (la Horn-like hollow petal of Columbine 


(Jpafejliom/jiafuXfonned 


byRddlngaodadlie- 


elan of the edg«. 








Flg;S20, Sectlonofaowerof Violenn<.!fl),ilii 


swing one of the petali with i 


. long hollo. 




TbepetalliBldt^beBimmdorailcMste. The 


orary la laid opeo to show the 


o.al«,aiidthe«pat 












lD,lp\i„i„m). Thelongpro«M,j,e« 


end! Into 



Fig. B!3. 



' of the coloured otlyi, 

[tacemoae flomn of Fumitory [nrntiiria o^cnulif), eiliiblting glbboui iwellUigt al 

n FumHoilea one of the petsla la glbboua. while In lome olhei genera of the order two 

I thia itBte. Such corollaa are Mid to b« iaccat« af the baae. Small bractleu are wen 

rbcre the pedicels Join the rtcfab or general peduncle, 

rwo peculiar hom-llke (talked petala, p, et Moukahood {Aamilum Hofellia). They 

under the helmcE-ahaped (galette) calonred lepal, and they conilM of a gnKired atalk 

hollow ipumd petal, Theec asomiiloiie petals wen callod neclailei by llniucut Be- 

a In the FIgnre are Kcn numenma itamenl, i, attached lo flip receptacle. 
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under the helmet-shaped sepals of Monkshood (Figs, 523, p, and 482, 
p. 195). These anomalous petals sometimes assume a normal fonu, as 
in a variety of Columbine, in which the spurs disappear {Fig. 524). 

271. When the petals are separate (free and distinct) the corolla 
is PolypetaloJis or Dialypetalmit (Fig. 625), and the number of the 
petals is indicated by prefixing the Greek numerals to the term petal- 
oua, in the same way as in the case of the sepals (If 260, p. 196). 
Thus, in Figure 525, the corolla is pentapetalous, and in Figure 526, 
it is tetrapetaious. la the Vino (Fig. 527), in which the corolla is 
polypetalous, the petals in their early state are nnited together by 
their apices, and aflierwards separate and fall off. When the petals 
are united, the corolla is Gamopetalous or Monopetaloua (Fig. 528), and 
the number of its parts is marked by the venation, or by the divisions 
of the apex, just as in the case of the calyx (^ 261), Thus, in Figure 





528, the corolla consists of five petals united, their number being 
ascertained by the lobes at the apex, as well as by the midribs. The 
united portion is called the tube (Fig. 528, t), the divisions are called 
lobes, I, and the orifice is the throat (faux). The term limb is often 
given to the expanded and free part of a gamopetalous corolla. 

Vig. 524, FlDwejB of Culuinbiae (J^itilcgia Tufgarii\ in qtiEcb thfi peulA have become iparksi. 
The ordintiry petal !• eeen In Figure i\i. The ulouted Hpals are five, and are maiksd, ■ ; thejr 
■ItsmaCe with Uw fire pelols marked, p. The InfloreKeDoe U delnlu^ tha taminil fioner eipaadini 

Fig; ess. PolypetaloiuarDlalyiHtBlonicoroUaof BlUagSlonecnv (Snluinacrf], It Is composed 
of Sve leparsta petals, and hsnee li penttpet^mu. Tbere on ten itanieiii In two nmh. ma five 

Flg.S3& Tstrapetaloqs wroUaof Celuidliie(CiiIiiIgiiiiin luiiu). It is camposed of fonr aepuate 
pelils. lliB term dialypetalom means separation of petala, and hence it Is spiled to all polypela]- 

pMU la Uie tKDtni. 

ng. 6V7. The fiower of tbe Vine (fifii tittifira). In the romg state, shewing the nnion of the 
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272. Some varieties of polypetAlouB corollas deserve notice. Of the 
regular forms may be mentioned the rosaceous, as in the Rose, Rock-rose 
(Fig. 529}, and the Strawberry (Fig, 530), in which there are spreading 
petals, withont claws or with very short claws ; the ltliaceous,v/heTe the 
petals gradually tai>er from the apex to the base, as in the Lily (Fig. 
531) ; caryophyllaceous, where the petals have long, narrow, tapering 
claws (Fig, 532), enclosed in the calyx, as in the Carnation (Fig. 
404, p. 170), Pink, and Catchfly; cruciferous or cruciaU, in which 
there are four petals, usually with claws (Fig. 513, p. 202), and 
arranged in the form of a cross, as in common Stock (Fig. 460, p. 
190, and Wallflower (Fig. 479, p. 194). 

273. Among the irregular forms of polypetalous corollas, the fol- 



«g. JI8. Kg, 629. 

lowing deserves attention : — The papilionaceous (butterfly-shaped) co- 
rolla, as seen in the Pea (Fig, 297, p. 128, and Fig. 452, p, 187), in 
various kinds of Broom (Fig. 533), and in the Judas-tree (Fig. 534), 
consisting of five parts, differing in size and shape, the upper (Fig. 
535), called the standard (vesillum), the lower (Fig. 536), called the 

Tig, 59S. FsKlcled Cyme of TobBcco (!fiailiana T<tbanm), shewing an eipuided mnnelshiped 
(infukdlbnlLfonn) dDwer, iiuToiiDded by the calyx at the base. There wo two parts of the coroUa; 
the tnbet f. ftinoed by the nnlted olawi of the retail, and the flve-lobed limb) ly formed by the 

Rg. B39. Flower of a ipede* of Roek-roae {Cuba crtliait). ihewlng a polypetalons rosatcoui eo- 
toUa, eompoeed of Ave petals like Ihoee of the rose, li»"ing no olawB. The Hebrew word Lo!, irhlch 
has been tranalated Myrrh Id Gen. xxxtU. 2&, and xlUI, 11, Ij auppoaed to mean Ladannm, which 
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keel (carina), formed of two partially- united petals, and the two late- 
ral (Fig. 537), called wings (al»), 

274. In MoDocotyledonoiis plants the coloured perianths are often 
polyphyllous, and there is a peculiar irregular kind which is met with 
among- Orchids. It may he called the Orchideoua perianth, and con- 
sistB of six parts, one of which, called the labelliim, presents many re- 
markahle forma. It is shewn in Figures 538 and 539, the former of 
which represents an Orchis, with its labellum, I, and a spur, s, and the 
latter the flower of Twayblade, with a large bifid labellum, 1. The 
labellum varies much in form. In Oypripedinm it is hollowed like a 
slipper, and is called calceolate. 

275. GamopetalouB corollas are also divided into regulccr and 
irregular forms. In the former the parte are equal In size, and equally 




united, while in the latter they are unequal in these respects. Eegu- 
lar forms are bell-shaped (campanulate), that is, shaped like a hell, 
and swelling out regularly from base to apex, as in the Hare-bell 

ilg. 6S0. Rouceoiu corolla ef the Strawbeny (Fragaria cacaj, compOBe* of Ave petals witbDol 
cLaWB. The polnU Df the calyi ue Hen Blienutiiig: witb tbs Hhile pelali. 

Hg. 631. Flowa- of Lily rlAliiK^ albtm), ™mpo»il of >ii coloiired pieoBS, In Ifo rows. The 

which (hper gndnilly towards (he bate, and tbe conlU It called lUlaceoiu. 

Hg. S52. Petal of the Carnation ininnMmrofynjiSya"), wllh a long namirtiparlnB claw, c; 
± corolla luTlng petals of Ihli klod I> called carrophyUaceooB. 

Flg.&SS, Ilowciing branch nf aWnd of Broom tOtniila tnmoipirmaj, ihirwiag p^aionaceooa 

nollm, or Solim of Ihc Old Totament. translated Junipar (1 Kings >ii. 4, 6; Job III. 4; Faalm 
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(Frg. 540) ; JuTinel-shaped (infimdibuliform), in which the tube is nar- 
row below, and expands towards the summit, as in Tobacco (Fig. 
541} ; tubular, or nearly uniformly cylindrical, as in some composite 
flowers (Figs. 542 and 543) ; salver-shaped (hjpocrateriform), when 





the limb or lobed portion spreads out at right angles to the tube, which 
is long, as in Auricula and Primrose ; and wheel-shaped (rotat*), when 



words, the teidi'iuioii it ywIllMy. 

Ifg. BSe. K«l ((arina) of Ibe fo^lUmttsmu flower of Ihe Broom, « 
putlaUf , In s boU-Uke mumer. md hiTlng two thnwl-Uk« lUlki it tl 

Fig. 637. One of the wlngi (iiIb) of the paiinioiucaoiB flower of th< 

Tig- B3S. Im^^ulBr poljphyDoiu ipnired pertanth of Orchia. It cods 
I, called the labeUnm, dlSen mach from the reit, and givee a pecnlia 



the perianth. 



ly it In the bud, or. In otbcr 
ipoeed of two pct4i]a uoLted 
Broom. It hae a pn^ectJng 
Lsof ^iparlA, ODfrofwhlcli, 



rowi ofthiee earfa. The enentlal oigans 
lom. The perianth Ib Irregnlat polyphylk 
^. 640. Regular gamopetalonB beU-ahap6d 



Fprodnctlon are placed oi 



corolls of HarebeU {Campmvla nlKn- 
petale nnited. The oiar; la (nrerioi, and It united (o Uie calyx, e. 
R^folar gamopetaloiu fdnnal-ehaped (InfbndibidUbnD), corolla of Tobaccc (Nieotian/i 
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a salver-ahaped corolla has a very short tube, as in Forget-me-not (Figs. 
544 and 545). There are also mtermediate forms, as in Oomfrey 
(Fig. 546), in which the corolla is campanulately-tubular, presenting 
a combination of the bell-shaped and tubular forms. 

276. Irregular gamopetalous corollas, are seen in the lipped (la- 
biate and bilabiate) forms, in which the union of the petals takes 
place in euoh a way as to produce an upper and lower portion, wiiJn * 
gap (hiatus) between them, like the mouth of an animal (Figs. MT 




and 548). The upper lip is usually composed of two petals, the lower 
of three. The same form is met with in the calyx (Fig. 489, p. 197), 
but the number of parts in the lips is reversed. A labiate corolla 



IT gimopeUlouB tubnlM corolla of ono of tlie flom 
', a,it united lo Itao tube oT the calyx, wtallfl Iho JLi 
rm of hiklra (pappiu) BurroimdlDg the ceroUa- In i 
m united into ■ tnb«, thntngb which the stj)e pi 



a eT Ragrwort (Smeeio). The 
lb oT the latter )■ seen ibore 
ie caitie of the flower nbora 



l^g. (MS. Tubular gamopetalous coiolla of one of the flowon of Mllfi^ (AiAiUmi. with the liif»- 

rior ovapj', o, and the obBOlete limb of the calyi. 

n^ E44. Regular gamopetalous wheel-sbaped (rotate) <!ott>Ua of Foi^t-me-not [WyojotU), coo- 

■Isdng of Ave petals united, with a veiy short Cut>e- Scales are seen at the throat- 
Fig;. MB. The wheel-ehaped comUa of FoigW-mo-not (Afjcwh't) Wd open to show the ibort 

tube, the B.n atamens ittacbed to Ibe corolla, and the fiTe scales on the petals aiUniUiiig wltfa ths 

Fig. MB. Campauulata tnbulai corolla of Comtkey (^nytylwn). It may beconsldend ai com- 
bining the bell-shaped and cbe tubular forma of gamopetalous corolla. It is composed of five petals 
Dulted, and Is Borroonded by a flve-partlte calyx at the base, 

rig. M7. In«gular gamopetalous labiate ctvella of (he Bead- nettle (Latnium aiium}. Tbe upper 
lip. B, Is composed of two petals united, the tower lip, t, of three. Between the two llpe (labia) there 
B the part where the tube and the labiate limb j(^. Itomthe an^ng 



A Irregular gamopetaloos 






> short, prxijectlng beyond 
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T calyx, with the npper lip much arched, like a helmet (galea), is 



Fig- «B- «g. 51 



said to be ringent (Fig. 547). SometiineB the npper lip is very Bbort 



In profile. Tbe 



Hg. at. Ths labiate corolla ot Uh wUM D«id oelUe |taM>ii>n aUmn), wen In front. BhewSne; the 
tuo Hia, • aad ( tbe (^ ud tbniu, u well u Ifae dldynunooe itunaiu. Ths alyi below le aln 
Im^ular, Ibfeo paita forming a aart rA upper Up, and two forming a lowar. 

Fig. UO. Inegoliu' giuiHipetJihHiI UUila flow«r of Oenoaadsr (TWcrimn), h 
Dpper Up, a. la ihort, and the itameni. t, an mnch euened beyoad It, tbe lower Up, I. la palenl 
(qmadlng), and Uiiw.clBn- 

Flgi HI. Flovalng nana oT PrDgnnonlh {Antirrliinmiit mo/ni). The flowen hav* Irr^olar 
gimopataloiia poniato coroUaa, tbe lower Up, I. with lt> three part* being poihfd apwarde on the dl- 
meroM appw llp^ ■, ao aa to luve only a chink between them. The conTex pn^JectiDg portion of ttaa 
lower lip la aUad the palate, which la ftequeotly coloured differently from tba rest of Iha DorOlU. 
Tb* condla ts aln gibbon* (uoste) at tbe baae, b. on one dde. 

Fig. SS2. Irregnlar gamopetalou Ugolale Sower of Ragwon (..Vnum). It iistnbnlu lliH«,apUt 
down ononedde, with the onlledpelalefoniibigaetnp-llke prelection, i. Tht Ibiea on the Rat portion 
lndl<4te the diritiona at tlie Bre petals. From the lahnlsr portion below, the bifid Myle im^eola 
•lightly. The terete fruit (achBniam), a, la sutmonnted by pilose pappus, wblcb Is tbe metamoi- 
phoaed calydne tbnb. Tbe flower Is female, hsylag no stuneni. 

Fig. Ni3. Ugolate fiower rg Oi-eye (CkrfUnlliaiuim). It b a tnbglar floret splUJown on one 
aide. Tbe fridt, i. Is Idberent ID the tobe of tlie calyx, and the calydne limb Is obsolete. There la 
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jmd nearly awanting, as in Bugle (Fig. 548), and in Teuorium 
(Fig, 550, u). When the lower lip is approximated to the upper, bo as 
to leave only a chink (rictuB), with a. projecting portion below it, called 
the palate, the corolla Ib denominated masked (personate), as seen in 
Frogsmouth (Fig. 551). In Calceolaria there is a peculiar irregular 
corolla with tw<i hollow lipB, Wiien a tubular corolla is split down on 
one side (Figa. 552, 653, and 554), ae in the white florets of the Daisy, 
it is called strap-shaped (ligiilate). This kind of corolla is well seen 
in composite flowers, such as the Dandelion (Fig. 361, p. 153), in 
which all the flowers forming the head are Hgulate, and the Marygold 
(Fig. 371, p. 156), in which the outer flowers forming the ray are li- 
gulate, while the central are tubular. 

277. The lower part of some gamopetalouB corollas, such as Vale- 
rian {Fig. 496, p. 198) and Frogsmouth (Fig. 555, b), projeda in the 
form of a bag or sac, and is called saccate or gibbous. Sometimes the 
projecting part assumes the form of a spur (calcar), as in Hed Valerian 
(Fig. 556, c), and Snap-dragon (Fig. 557, c}. In some gamopetalous 




corollas there is a very slight irregularity of form. Thus, in Di^talis 
(Fig. 558), the corolla hasa somewhat campanulat« form, but its develop- 
ment is not equal ; the Speedwell (Fig. 559] has a form nearly rotate, 
but the lobes are unequal; the Bugloaa (Fig. 560) ha^ a funnel- 
shaped corolla with a curved tube. In some gamopetalous corollas 
with a single spur, it happens occasionally, that what are called 
Pelorian varieties occur in which five spurs are produced. This 
1 Snap-dragon frequently, as well as in species of 



Fig; R54. LIfulan flower of UUfoU (AtAill^a), wllh tlie foTt«dBQle pntJectlnK beyond thetub& 
rheie l> DO pippiu. Tbt flower li i^BHUlTeroDi IfemaJe). 

Tig- 606. Fenoute c^rollH of FrDgHmoalti {^niirrhiHitm majiu), shewing tbe glbbom btaa, A. of 
he GonllL 'nv lower Up^ I, ie pubed up on the npper^ h, teavisg a chink (rlctufl) ■ 

ng.Baa. In»giil»r gimopeUloia flower of Bed V»lerliai(Pni(nin(*MniiBr), ihewlngllie prcject- 
ng ipnr, c, at the biK. AHUmenand mlylearsjeenpntleetlnKboyondlhefloweribove. Iteflowet 
B monuidrom and monoeyDous. The coToJIa conibte or five united petals, the calyx liioh rhrmi a 
Ingal the toportbe^TTarr^ aadH Aoidly becomee a feathery p^piiB crowning the frulL 

ng. 6Sf. ImguUr gunopetaloiu penoaate Qow^t of Sn^i-dragDU {Linari^}, wtt^ a long Bpnr^ 
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278. In Grasses and Sedges the arrangement of the jjarte of the 
flower IS peculiar. In place of verticillate leaves forming the flower, 
there are alternate scales or glumes. The flowers of grasses nsually 
occur in spikelets (Fig, 661), which consist of one or two glumes, a, 
covering several flowers, 6. In Wheat (Fig. 384, p. 160), these spike- 
lets are arranged alternately along a common rachis. Each spikelet 
consists of two glumes, having the form represented in Figure 562, 
and enclosing flowers which are composed of scales (palete or glumellae), 
delineated in Figures 563 and 664 — the former being the outer, and, 




the latter the inner pale or glumella — which are placed at different 
heights in an alternate manner. In the flower of the Oat (Fig. 565), 

F]g. 668. Imgnlv gMnDpltalODi wuDenhiit bsU-ahnped carolla of Foi-glove (Digilalii purfurai). 
Tb« limb of the coiqUd It obliqae, and tbere Is B ehort tain b«low. Tbe conilU >iu HHaetlniea been 
«Iled DlgtMlHOrm. 

Pig. Sit. IrT^Dlw gunopetiilaiu wbeel-Uke corolla oT Speedirell (Ftnmca). The ImguUrii]- 
condsla In the dlfierept >lEei of the lobes of the corolla, espedallj llie lower lobe, I, which U niiKh 
■mailer than the naL There Is an approach lo a lipped corolla. The atameiie are two, and the atfle 
raft, ao that the Oowfti la DUndrooi and UonogynoiB. 

Tig. 6eO. OamDpetaloiucoH>IIaorBnglow<Z«ci>ru(iiirH7U{j), with acnired tube. The corolla la 
Bomswhat fannel-thapea, witb its moatb dosed by connlient convei ecales. iu Itmb being flre- 
lobed. Hie cdyi kg flre-pertile. 

Hg. Ml. A apikalet of Wheat (IWAcMi), n 
b b, wbtch arc composed of two pales (palea) coverljig the i 
■taiaeda,j^ hangout by long elcDderr 
ahcmately no Ihc doral uls. 

Fig. 602. 0»e of U) 
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afler removing the outer pale or glumella, the inner one, pi, is seen 
with two scales (lodiculw or squamie), tq, at the base, enclosing the 
essential organs of reproduction. In Carices the male flowers are 
bome on scales, and so are the female, as shown in Figure 566, in 
which the scale, s, is placed on one side. Within the scale the female 
flower is situated, having a peculiar bag-like covering, u, termed 
perigynium. 

279. Abmrmalitiea in the UoroUtne WTiorl — The parts of the corolla 
are frequently adherent to those of the caljx, and any change taking 
place in the latter also causes an alteration in the former. Petals are 
sometimes suppressed. Thus, Seringe describes a flower of Diplotaxis 
tenuifolia, with two petals suppressed. The flower of the Haricot has 
been noticed wanting the carina, and in the blossom of a Pea, Moquin 
observed the disappearance of all the pwts except the standard. Some- 
times the entire corolla Js wanting. This occurs normally in apetalons 




monochlamydeouB flowers, such as Chenopodium (Fig. 413, p. 174). 
It also occurs accidentally. Linnfens mentions the absence of the 
corolla in Campanula perfoliata, and Buellia clandestlna. The same 



FIg.&es. FloweiarOiit(Ji 



■nit By ranorins tbia gliunellH tben an seea 
ftamfiika ud two tOaXhery itylc*. 
1^ S66. Female OdeUUiferoiu 



a pliMd, 
U (et>l™n>IU>is)- BMweeo (he itaiueiu, (md altanuitiiig wlUi them, an Sn 
colognd walca. irhteta, belo; oppsalw the lobei of the cotolUne Unb, an aupposed to ba Kimed iiy 
tfaiurene cboHsli or dilamlnatlon. Tbe» acalu were called neoUrin by UnueoL The; ara 
Ux^Bd updo aa modlflutloDa of tba peUls. 

Wg- MS. UngiilciilHt« (cUv«d) petal of Campion (Lycknit), wlUi a bl£d lamina, 2, and a acale tt 
tha part wben tba clav, e, and lamina imlte. Thia coEonied bc3U ii iDitpoaed Co be produced by tivu- 
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abnormality haa been obserred in the March- Yiolet, and other species 
of Viola, in Chickweed, Jacob's-ladder, Teucrinm Botrys, Ltuniiim 
amplexicaule, Rosa cendfolia, and Meltlotus officinalis. In Amorpha 
and A^Iia the corolla ia reduced to a single petal, and in some other 
leguminoTia plants it is entirely awanting. In the natural order 
Banunculacete, some ^nera, such as Ranunculus, Glohe-flower, and 
PsBony, have both calyx and corolla, while others, such as Clematis, 
Anemone, and Caltha, have only a coloured calyx ; and in a third 
set, such as Hellebore, Aconite, and Larkspur, the petals assume re- 
markably abnormal forms. 

280. Petals, which are in general coloured, sometiines become 
green. This has been observed in the flowers of Frazinella, of Bampion, 
and of several species of Shepherd's Club. A corolla, normally gamo- 
petalouB, is sometimes divided into separate petals. The flower of 
Cobeea scandens has been observed divided into five petals, and the 
corollas of Campanula media and of Ehodora canadenms are occasion- 
ally deeply divided. 

281. Flowers become double by the multiplication of the parts 
of the coroUine whorl. This arises in general from a metamorphosis 
of the stamens. It is very common in the natural orders Ranun- 
culacete, Papaveracete, Magnoliaceie, Malvacese, and Rosacete ; whilst 
it is rare in Leguminosee, The tendency to produce double flowers is 
sometimes very strong ; thus Kerria japonica in cultivation is never 
seen except with double flowers, 

282. Union of separate flowers (synanthos) occasionally occurs, 
and the adhesion which thus takes place causes various changes in the 
whorls. Flowers may be united by their peduncles, as seen in some 
anomalous specimens of Dandelion, Hyacinth, and Centaury ; or by 
their outer parts, such as the calyi. At other times there is a complete 
fusion, as it were, of all the parts of the flowers, some continuing 
normal, others being suppressed or abortive. It is rare to find the 
number of parts exactly double that of the flower in the cases when 
two flowers are joined, or triple when three are united. Martins noticed 
the union of two flowers of Petunia violacea, in which, in place of 
ten parte, there were eight sepals, eight divisions of the corolla, 
and eight stamens. Jussien gives instances of synanthos in the Peri- 
winkle with the parts varying in number from six to eight. Flowers 
of Frogsmouth have been seen with seven lobes of the corolla, and 
seveu fertile stamens ; also with eight divisions of the calyx, eleven 
lobes of the corolla, and eight stamens. The union of three flowers 
of Lilac has produced a flower with eleven lobes of the corolla, and 
three pistils. Examples of synanthos are common in species of 
Ranunculus, Aconite, Digitalis. In the latter we often find three or 
more flowers united at the apex of the raceme, and expanding before 
the others ; thus exhibiting an instance of definite, in place of indefi- 
nite, expansion. 

283. Connected with the inner surface of the petals, there are 
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placed occasionally appendages in the foim of scales or filamentoos 
processes. These are considered as being modified petals, and they 
are usually traced to transverse choriais, in consequence of their being 
placed opposite to the petals. In many of the Borage order, snch as 
the Comfrey (Fig. 567), Forget-me-not (Figs. 544 and 545, p. 208), 
Bugloss (Fig. 560, p. 211), and Hound' a- tongue, as well as in the 
Chickweed tribe (Fig. 514, p. 202, and Fig. 568), and in the Crow- 
foot (Fig. 511, p. 202), petaline acalea or lamellte of this nature are 
observed, which, like many other processes connected with the flower, 
received, in the daya of Linnieua, the name of Nectaries. Peculiar 
changes in an inner row of petals and in the atamens may also give 
rise to coTolline appendages, as, for instance, in the beantiiiil fringea 
of the Pasaion-flower, in the crown of the Narciasus (Fig. 343, p. 147, 



and Fig, 569, n), and in the glandular scales of the graas of Parnaasiis 
(Fig. 570). 

284. General recapitulation of facta relative to the floral en- 



1, The flantl envelopes cansiat at the caljnc and corolla — in other woi^, the calf due 
uid coroUine whorls, Che parts o( wbich alternate with each other. 

'2. When one of these only is present, it is the calyx, and hence such a flower ia apeta- 
loua, or hue no corolla. 

3. Wlien both enrelopea are present, the flower Is diehtamydeons ; when one only is 

developed, monochlamydeons ; when none, achlamjdeooa. 

4. Wlien Che floral envelopes are in one whorl, or when both whorls are alike, as in 

many monocotyledons, the terms perianth and perigone are applied. 

?lg. G68. yiDwer of Dafli)dU (WnrciHiu /WuforfiafTiuu). laid open. The 00*0- conriaU oTa ga- 
mophyllong dooble coloured periinlli, ccmpoeed of ill pieces, I. The tube of the pvUntb, t, beta 
Inlia UiBTO li prodoced a bell-ihaped or 

' either a modMcatJoa of the perUnUi, produced 
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5. The calTZ consiata at sepals which are NparaU Id a polfiqiakius calyx, and united 

in ■ gamoaepalous one. 

6. The eorollB consists of petals which are sepsrate in a polTpetalaos corolla, and nniled 

in a gamopetalons one. 

7. The sepals and petals foUaw the same law of development as the leaves, to wliich 

the; are alljed also in strncturs and fbrm. Thej an arraaged either in vertidls 
or in l[ar>l cycles having scarcel; any intemodes. 

8. Irregularities in the calyx and ccoolla are cansed by sappresuoa or total abemce of 

parts; by degeneration, so that the parts appear in the form of scales, hairs, or ■ 
mere rim ; by abnormal development of parts in the form of spun, foldings, snd 
hollow tubes ; by sdhesion, in an irregular manner; by multiplication, or increase 
in number ; and by chorisia, or splitting of parts. 

4. ESSENTIAL EEPBODUCTIVE ORGANS. 

265. These organs couatitate the inner whorls (verticils), and 
originate, like the floral envelopes, from the thalamus or torus (the 
npper part of the asis or peduncle), in the form of minute cellular pro- 
cesses. In their development they resemble leaves, but in general 
they differ much more in their appearance from the leaves than the 




Fig.ent. 



floral envelopes do. The essential organs are the stamens tmi [nstil, 

as shewn in Figure 571, where there are five stamens arisiog from the 
thalamus, and surrounding one pistil. The stamens constitute the 
Andrcecium, and the pistil the Oynacium. 

286. These organs are necessary to form a perfect flower, and 

H;. 571. Andneduu and Oynisdnm. or, In oUier words, tbe eeHotlsl mcsiu (stamens and 
pistil) oTOia vine (Fitii citiifira). There lie Bvecuunens, with Intronstvio-lobed uUien, a. The 
dlvlglop between the anther-lobes Is narrow, and eorrcspoiidi te the midrib of the leaf. On the foe* 
of cadi lobe of the antbor b seen tlie satnre or hng of ddilKeore. Theanthensn iDserted Into the 
tKa^amn* [RcepucltJ. Betwooi ths aotlieTS St thfllr basB are scales fl>nDlnj the disk. These scstes 
are pzvbably abortive stsTaeni. Tbe Drsrj Is large, ityle abort, end BtlKma undlvldird. 

H«. 674, Flower of Wood-rash (£«■'"), shewing rii dlvWons of a glomaceoM peilantli (pert- 
gone), in two rows of three eMbi di stsmeni, with two-lobed introrse anthers, arranged in two 
ivws altenialelT, The line In the middle of the anther ihews the coDnecUve. and some of Uie lobes 
ahewalao the line of dehlBcoice (satnre). The dlsmenta become breader bdew. In theocntte ks the 
pistil with ovary, style, and three stigmss at the apex- 

(Ig. S7S. StmainaiOj BtsuUnlferDiis, or male ^wer of Hulbeny (JfomrHi^rt). BliewlDgafenr.par. 
tUe calyx, and four BtameD^ with long filmments. snd two-lobed anthers. The flower Is n^ono' 
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without them no seed ia produced in floweriBg plants. When, by 




cultivation, they 



e changed into floral envelopea, the flower cannot 

of Hemp (Caimatu lalita), (1) BtsmlniftHiiu flower abenlilE rsflsied perianlli 
te (erect) gtoineiu, witb ihort fiUmenU; (3) duster of piMUUforaui, ar idetil- 
by brants, eich flowei hsTlng a perlgone spUt U the ride, dim otsi;, utd two 



p, vllh a tingle plidL The HHll ( 

IJg.fiTS. I^UlsU flowei ofltai 

of the periaoth, wltb ttie bristly m 



Tig. 677. I 
(hypoginoosl 

Flf;.ttr- - 



IB. belns formal of ihiee coed o[ etagte-oaUod caquls, wtaldi sepuUe thm 

itn. The filinunts an long, mid wtlten two-Iobed. Hie 
WIDOW (Sf^ix), ibawlDgtlie bnct, br, the two nuDens. wttta 



■ (laod, 0, at the base. The llo' 

V\g. STS. FlsUUIfeniu flowei of the WUlov (Silix), alMwfiig tbe bract, tr, tbei 
style, tl, and bifid stignia, (li^, ant) a gland at the base. ^. Tbe flowei b moDi 
single plitiL Tba Willow I> dlmcdoui, loaanndi as tbe male aod f^ile Oowei 

Fig, MjO. Male (itamlnlferoiu) floner of a Palm iCImmtropt), Bbewlng three dJ 
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perform its proper fitnctioDe. These ot^anB are not, however, alwikfs 
present m every flower. When both are present in the same flower, 
it is bUexual, hermaphrodite, or numoclinom (Figs. 571 and 572), and 
is marked $ . When one of the organs only is present, the flower is 
unisexual or dklinow, and is marked t ¥ ; being called glaminate, 
male or sterile, when the stamens alone are developed (Figs. 573 and 
574, 1], as indicated by the mark J ; and pistillate, female or fertile, 
when the pistil only is produced (Figs. 575 and 576), as indicated by 
the mark ^ . 

287. It is necessary tiiat there should be some conmmnication 
between the stamens and pistil, ao that the pollen or fertilizing 





powder prepared by the former should be applied to the latter, which 
contains the rudiments of the seed. In Uie case of hermaphrodita 
flowers (Fig. 577) this is readily accomplished, as the two organs are 
close to each other. In the- case of unisexual flowers, in which the 
staminiferous and pistilliferous flowers are on the same plant, and hence 
( 5 $ ), such ae the Hazel (Fig. 582), Oak 



' male Sowera, £ , a 



tel i,Lainrui uMla}. Ths Fcriantb ii in (bur iUtUoiu, llw 
I exCrmve, opeoiDg by hLoged ralTC*, u 

i( Laiinl (Zdiiru •utilii). The periuitli bu toai divlidont, tliirc 



, Google 



218 ANDRCECIUH OR STAHINAL 0KGAN8. 

(Pig. 269, p. 120), Cnckow-pint {Fig. 387, p. Ifil), Birch {Fig. 389, 
p. 161), and Indian Corn, the application of the pollen to the pistil 
may also he easily traced ; while, in the case of lujisexual flowers, in 
which the staminiferous and piatilliferous flowers are on separate plants, 
and hence denominated dueciout ($:?), auch as the Willow (Figs. 
578 and 579), Hemp (Fig. 47, p. 23, and Fig. 674, 1 and 2), and 
Poplar, the process of fertilization seems to he accomplished with more 
difficulty.* In the case of Palms it often happens that, while some 
flowers are staminate (Fig. 456, p. 188 and Fig. 580), and others [as- 
lillate (Fig. 457, p. 189), there are others which are perfect or her- 
maphrodite {Fig. 581) ; OD this account such plants are called poly- 
ganioM (!?$¥)- In all cases in which one of the whorls of the 
essential organs is ahsent, it is considered as depending on suppression 
or non- development ; and this view is confirmed by the fact that, 
in many unisexual flowers, the rudiments of the suppressed organ 
may be seen {Fig. 584), and that in certain circumstances it is 
developed. 

A. AndreBcium or Staminal Organs. 

288. The stamens are placed immediately within the petals. 
When there is one whorl the stamens are usually equal in number to 
the petals, and alternate with them (Figs. 585 and 586). When the 
stamens are twice as many as the petals, they are in two whorls, alter- 
nating with each other (Figs. 587 and 688). When there are more 
than two whoria, each successive verticil alternates with that preced- 
ing it (Figs. 589 and 590). When, in place of being alternate with 
the petals, the stamens are opposite to them, as in the Primrose (Fig. 
591), the abnormality is considered as depending, either on the sup- 
pression of an outer row, or on transverse ehorisis of the petals, or ver- 
tical chorisis and imion of the stamens. In some cases the stamens 
are supposed to he opposite the petals, when in reality they are in two 
rows, as well as the petals. Thua, in the Barberry (Fig. 592), there 
are sis petals in two rows, and six stamens in two rows, and the law 
of alternation is observed. So also in the Tulip (Fig. 593), and many 
monocotyledons, with a six-leaved coloured perianth, in two rows, and 



289. In cases in which the stamens are not equal in number to 
the petals, the abnormality may be traced to suppression of a certain 
number, to abortion, adhesion, or chorisis. In Cruciferous plants 
there are four sepals, four petals, and six stamens, four of which are 
longer than the others (Figs. 594 and 695). It is supposed that in 
this case each pair of long stamens is in reality one which has been split 
by lateral chorisis. This is confirmed by finding teeth only on one 
side of the filaments of these stamens, while in the two shorter ones 



miiQr Phystoloej. 



.y Google 



ANDIUECIUH OR STAMINAL OROANS. 219 

teeth exist on both Bides, and also by the fact that partial adhesions 




ni of tli« coilU* or Inner perijuit 
1 at Uia opening 1 
ID the appannt bt 



»g,HB. FlowtrotLaaynatna»(.AMtm 
of lb» calyx or outer peiiantJi, altematinf with foni 
mens altunaUiig with the letter. Tbere li a 
perianth. The pnthen open traiwverKly. 
wtaSch it Been projecting ^ghtly beyond the ring. 

Ptg. 680. Digram cf the flower of tbe Periwinkle <riii»). There are, Ave itlTUona of the ca 
altentaUog wllb flTe of the twilled cofoUa, five itameng alternating with tlie corolllDe eegmenta. 
two dlritfoni of the piMIL 

Fig. 5S7. Flower of Crown Imperial (fUtillana im^iritlii) laid open. The petlg«ie la Id 
parte, time of which have been romored. The three ODter. one of which Is left, may he called 
•epala, iho three Inner, two of wblcb are left, the petal*. 









rilereiia^ude. 




fig. £88. Diagram ef the Bower ofMeadov 


perianth are all. In two mwa, 


and 10 are the I 


SV MB. Flower of Opunt 


la Tulgaria, laid 


to the calyi, which la adheret 


It b> the ovary a 



■Hale). Thedlvitloniofth 
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1, as in Streptanthus, and that a 
cruciferoUB plants have only fooi stamene. 



^4 



V 




290. A perfect stamen, consiBts of two parte, the ^lament (Fig, 

Hg. G90. DUBinmoftbefloaifirof Opnntla, showing the numerou dlvMons of the calyx snd 
c«dU*, and the Indaflnile Hameiu uni^ kn ■ series or vertldls. 

Flg.BSl. Fbwu or Prinmiee (Priuila), cat vertical!;, ihowtng the itameni. witli very ihoit 
' ' ~ " id oppnglle to ite aeKiDeDli, Thli oppodUon Is crawd either bf 

r etunens, «r bf chulala. The JriatU Ii smd In the centn irith 
orary. nyle, and itlgniA, and a free centrel plsceuCn, bwring nnmeroiu ovulea or jwuv seeds- 
Pig, 162, Flower of BBiberrT {Berbtru mtgxrii). Then an 111 petals In [wo nws, and six 
Irritable itamens. alio In two rows, fbllorrlng the taw of altenwtlaiL The peltate itlgma li Been hi 

Fig. 533. Andnednm and OyDgedom of Tull|i {Tvlifa lyJtalrii), The Peilgone b In six parts, 
three bebig external, nprewnting the HpaU, aod tbne faiMmal, rapresentlng the petala. The 
slvuena are six. In two rows, an out«r, ei. alternate with the petals, and opposite the sepslii while 
the Inner row, H, Is alternate with the outer row, and oonseqncntlj' oppodle the pet»U. 

ng, sai, Flower of Radish (Afilaiiiii ja'inu). cut vertlcall;, abowbig the two short stsmeos 
oppotite to each other, and one of the pairs of long stamens, anjiposed to be formed by the latervl 
chorlBia, (7 splitting of a single stajneo. The plant la erudferoDS and tetradTnamons. 
~ ■ ■ ~ flower («flran«« t*Wri), There are tour lo 



The ft 



■eoftbcs 



IS, ;(, ami Ibe BUgma, tl 



ir thili 
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596, /), representing the petiole of the leaf, and the anther (Fig. 596, 
a) analogous to the blade, containisg minute cells, in the form oi pol- 




len (Fig. 596, p p)- The filament, like the petiole, is sometimes 
wanting, and the anther is then aessile. The filament is usually arti- 

F1^. {»96' SlADien wlUilta QlAmeDt,/, utbarEobc*, a, comwctlTa or ddIdd of UiB lobes, f, nitnn 
or line of dehiHoiic«, f, whicb !b UmgitpdliuU and lateral, pollen or MatiierlDe fertUlBlii£ powder, fp. 

Fig. 697. VartlcBl section of the yonoganthfr of Melon {Ciicirmii Sfrfo). It coorisle entirely of 
caDa, Hcne of ,vhlch fbrm ui oatfir epldemul row, a, end otlien fill np the [aUaioi, ci. 

Fig. GOB. Vertkal Kctlon of an anther-labe of the Melon In the piogreu of growtb, Bhewing two 
Ittge captral cell&, em^ filled with ■mallet' nucleated ae^ The onter epidermal layer, ce ; the inner 
cellB. f I, being partially ibioitwd. 

iig.SM. Vertical HeUotn^ananllur-lDbecJ the Uelon, ahewlni the tn 
with other celli^ mntiliihig poDen, m. The latter an called moth 
ceLla In the centre an now being anrrooDded by a apeclAl catering, 
the eadothednm, or Inner lining of the anther. The parenchyma, ci 
^Idermli, ei. onutltntM the etolhediun, or outer covering of the i 
the cell! between It and the exothedom uioally coolaln apical flbrei. 

Fig. 800. CeU conlalning ■ iidrol Sbre colled op In Ita Interior. Such cells congUtots the Inner 
■ntherlne lining. 

Flg.eOl. BnAendomflbTsoscells,/, oftlieeodothednm of the antherof llieMelon. Thewalla 
of the eells amdtsorbed. and Uie fibres an tetftee. The eiotheclnm or outer epldermla is nurked. cs. 

Fig. aox. Qnadrfloenhur or Tetratheeal anther of the dowering Roah (Ailenu iimbitlalia). The 
■iDlhei entire, a, witb ita filament; aectlon itf anther, b, showhig the ftnr locnlL 

Fig. aoS. Flower of Dockweed (IMiu), showing the two atamens, with qnadrilocolar anthers. 



a bdng alisixbed. The on 
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CTilated t« the thalamus (i'ig. 595, r), so that the stamen falls off after 
performing ita functions ; but in some instanceB it is persistent and 
not articulated. In tte case of leaves, the petiole is sometimes united 
to the blade by a joint, and at olher times it is continuous with it, 
and GO it is in the case of the union between the filament and the 
anther. 

291. In the filament cellular tissue esists in a condensed form, sur- 
ronuding a central bundle of spiral vessels, which represents the fibro- 
vascular system of the petiole. It has a thin epidermal covering, 
which sometimes presents stomata, Cellular prolongations also occur 
in the form of hairs, as in the Virg^ian Spiderwort (Tradescantia), 
Anthericum, and Verbascum where the stamens are called stupose, 
and in Anagallis tenella, where the hairs have a beautiful knobbed 
appearance. 

292. The anther, like the lamina of the leaf, is developed before 



its stalk. It consists originally of a cellular mammilla, containing a 
mass of thin-walled cells {Fig. 597, ce and ci). In the progress of 
growth larger cells are produced in the interior (Figs. 598 smd 599, 
cm), forming four separate clusters, each of which is surrounded by a 
special cellular covering (Fig. 599, cl). These larger cells are des- 
tined for the formation of pollen, and the four places at which their 
development commences may be seen on a transverse section of a 
very young anther. These clusters of pollen-cells increase in size, 
and gradually cause absorption of the surrounding parenchyma (Figs. 
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598 and 599, ci). It generally happens that two of the adjacent 
clnsters of pollen cells unite by obliteration of their special covering 
at one side, and thus ultimately two pollen cavitleB are found in the 
aiither, in place of four, 

298. In its Mly developed state, the anther presents tfro lobes 
(Fig. 596, I), like the two halves of the blade of the leaf ; these lobes 
being separated hy a partition, called the connective (Fig. 596, j), re- 
presenting the midrib, and consisting of cells and spiral vessels. 
Each anther lobe has one or two cavities, which are receptacles of the 
cellular grains of pollen. These cavities correspond to the large cells 
seen in Figure 599, cm, with their special covering, cl, which forms 
the inner lining of the anther case, called endothecium. This lining 
consists of spiral cells {Fig. 600), which are elastic, and assist in 
bursting the outer epidermal covering of the anther called exothecium, 
corresponding to the cells marked ce in Figures 598 and 599. In the 
cells of the endothecium, as the anther approaches to maturity, the 
membrane becomes sometimes obliterated, so that the dehcate fibres 
alone are left, as is seen in the Melon (Fig, 601), and in Colwea, 
These spiral fibres appear also to fill up the space between the two 
coverings in many full-grown anthers.* 

294. Thus the anther represents the lamina of a leaf^ with it« two 
halves divided by a midrib, surrounded with a double epidermal 
covering (the inner being fibro-cellular), and centring cellular (issue, 
which assumes the form of pollen. When there are four cavities 
(loculi or thec«e as they are called) in the anther, they may be consi- 
dered as representing the two halves of the leaf, each with its upper 
and lower stratum of cells. This division into four is seen in the 
young state of anthers, and is considered as the normal state. When 
it is seen in the fully developed anthers they are called qtiadriloeular 
or tetrathecal (Figs. 602 and 603). When, owing to obliteration of 
some of the partitions, only two loculi remain, as is very generally the 
case, the anther is Mlocular or dtthecal (Fig. 596, a). 

295. It happens occasionally that, by the suppression of one lobe, 
as in Gomphrena, or by the disappearance of the partition between the 
two lobes, the anther ixtcomcs dimidiate, or one-celled. In the Mal- 
low tribe (Fig. 604) the divergence of the liase of the anther lobes, 
and their complete union at the apex, render them one-celled (uni- 
locular, mooothecal) ; while in Labiate plants (Fig. 605), by the 
turning of one of the lobes, a union takes place by their bases so 
that they form one cavity. The long connective of the Sage and 
other species of Salvia separates the anther lobes, so that each appears 
a monothecal anther (Fig. 606), one of which conttuns pollen, while 
the other is abortive. 

296. The slamens vary in number, and names are given to flowers 
accordingly. Thus, — 
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A flower haring 1 i 



MonuidTOUB (Fig. 656, p. 210). Hippmis. 
Diandrous (Fig. 678, p. 216). Teronica. 

Triandrous (Fig. 561, p. 211). T 



4 stomene ie TetrandrouB (Fig. J573, p. 216). AJchemilla, 
stamem is Fentandrous (Fig. 671, p. 216). Primula. 

6 atameiiB is Eexandrous (Fig. 672, p. 216). Tulip. 

7 stamens is Heptandrous, as in Trientalis, and ^sculus. 

8 stamens is Octandroua, as in Heaths, and Epilobium. 
stamens is EuaeandrouB (Fig, 677, p. 216). Butomus. 

10 stamens is Decandrous (Fig. 448, p. 166). Saxi&age. 
12 stamens isl>odecandrouB(Fig. 663, p. 217). Asarum. 
20 stamens is Icosandrons (Pig. 530, p. 206). Strawberry, 
and indefinite stamens is Poljandious oo (Fig. 
889, p. 219). Poppy. 



The Qreek nnmeralB are prefised to the word, meaumg male, or 
Btamen. In the common Mare'a-tul there is only one Btamen in each 
flower, while in CereuB nycticalns 400 have been count«d. The 




number of the Btamens detennines some of the classes in the Linntean 
artificial system of classification. 

297. In the case of Euphorbia {Fig, 609), flowers are met with, 
consisting of a single stamen (Fig. 610), and others consisting of a 
single pistil. These, when enclosed in one common involucre, or 
bractaal envelope (Fig, 607, i), seem to be stamens and pistils in the 
same flower. But on examination it is seen that a joint occurs at a . 
part of the supposed filament (Fig. 610, a), indicating its connection 
with the peduncle, p, and so also in the case of the pistil (Fig. 607, 
p). In some of the species of Euphorbia a proper floral envelope ap- 
pears at the joint indicating the true nature of the organ. The 
flowers represented in Figures 607 and 610 are therefore naked or 
achlamydeoua male and female flowers on one plant, which is there- 
fore said to be moncecious. 



die flower, p. oT EuphorUA, adcJ 
L The plut ii moDCKloiii, 
Fig, (ia& Fkiwu of Crowlbot (XmimciiJH). cat vathallr, llMwtiig nn 
Into Iha ncepUcIa (tl ~~ 



I« (thiiUmut), bQk>w Ih 
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298. The position of the Btamens is normally within the petals, 
and outeide the pistil. They arise from the part of the peduncle he- 
low the latter, and hence they axe hypogynotia, which means under the 
pistil (Figa. 608 and 611). But, as in all other parts of the flower, 
odhesioDB take place by which chaDges in apparent position are pro- 



/^aV- 




V<) 



duced. Thus the stamens, in place of being free and truly hypogy- 
nnus, sometimes adhere to the tube of the calyx, becoming perigynous, 
which means surrounding the pistil (Figa. 612 and 613) ; while at 
other times they adhere completely to the ovary, and appear to arise 
from the top of it, and are hence called epigynous (Figs. 614 and 615). 
When the stamens adhere still more completely to the piatil, the union 



Fig. 60S. Flonuing gUlk of Cam 
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extending above the ovary, they become gynandrous, as in OrchiB (Fig. 
616), and Birthwort (Fig. 617), and form with the pistil a column in 
the centre of the flower. 

299. In place of adhering to the contiguous organs, the Btamens 
may be diBtinct from them, but united (o each other either by their 
antiers or by their filaments. When the filaments are combined into 
one mass, more or less completely, the flowers are monadelpkous, as in 
the Mallow (Fig. 618), and Yew (Fig. 619) ; when in two sets or 
bundles they are diadelpkous, &a in Fumitory [Fig. 359, p. 152), and 
in some papilionaceous flowers, in which the bundles are often unequal, 
nine stamens being united in one set, and only one (which is superior) 
in the other (Fig. 620) ; when in three sets, they are triadelphous, as 
in 8t. John's Wort (Tig. 621) ; and when in more sets polyadelphous, 
as in the Oastor-oil plant (Fig, 622). The numerous stamens in the 
Mallow and St John's Wort, and Castor-oil plant, are by some traced 
to collateral chorisis, or repeated divisions of fbe stamens. Sometimes 



the filamente are united by means of an interposed membrane (a sort 
of crown), as in the Pancratium. Wben the stamens are united by 
their anthers, the flowers are termed syngenesious or synantherovs, as in 
Compositie (Fig. 542, p. 208), in Violet (Fig. 649, p. 234), and in 
Lobelia. 

300, Stamens are often shorter than the corolla, and are then said 
to be included (Fig, 623) ; but at times they elongate and extend 
beyond it, when they are exserted, as in the Jalap plant (Exogonium 
Furga), and in Valerian (Fig, 624). In some flowers we find certain 
stamens constantly longer than others. Thus, in many Labiate 
flowers (Fig. 605, p. 222), and in Frogsmouth (Fig, 625), we meet 
with two long and two short stamens, the flowers being didgnamotis, 

Fig. eiO. Male fiDwcr o( Euphorbia. The wliole flower consists of n stamen, b, mjijiortM on a 
peduncle, p, to whlcb It is united by tu artionUMioQ at o. Tho flower la naked (ichlwnydeoua). In 

IndeHnite, and inaertcd Into tho thalamns below tlie piatlL Tbef uetherefbrehypogyntttia. TliefiDwer 
la polynndrona. Tbe plant belonei Glke Kiinnnculiia) to the cUua Polyandria of Llnnaiu, utd to 
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and in CruciferouB flowers (Figs. 594 and 595, p. 220), there are four 
long and two short, the flowers being Utradynamous. Stamens in 
general stand regularly round the pistil, but occasionally their upper 
portions are curved to one side of the flower, and they become de- 
clinate, as in the Amaryllis and Horse-chestnut (Fig. 335, p. 143), 

301. The filament is slender and cylindrical, or slightly flattened. 
It is curved and elastic in the Pellitory {Figs. 626 and 627) and in 
the Nettle (Fig. 628), petaloid in the Whit« Water LUy (Fig. 629), 




and in Indian Shot and Ginger, broadened at the base in Campanula 
(Fig. 630), thickened in Barberry (Fig. 645, p. 233), with appendages 

Hg, 612. Vstticti BdcUon or the flower of Ibe Cherry (Cerami). Th«e ue niimetoiiB liidenDitc 
lUmeiu iDHiUd on the c«lyi ; houco thoy jje psrigjiioBi. Borne caiL eooh k flower Caljconilpoiis, 
i.r,. luTtng namerou nantenB wUiereul to the calyi. In the isntre of the flower li (lis pleSL. com- 
poaed of two cirpels. 

Fig. e\i. FlDwerJne branch dI Apricot {Prvnui Armmnica). The atamens are ouuieioDS uid 
■dlicrcnC to tbe cslyi. The Howera ue calycandrous, end the pluit beloDge la (he claiB Icosandria 
of UnnBMU, and (o the Dkotyledoooue eub-cUeg called Calydflonc by De Cindolle. 

Fig, S14, Flower of WlUov-berb iBpilohittm). The staieeni ippeir to ul« lam the top of the 

closely wUb Ihe orMy, 

Fig. 615. Slower of BcU-flower iCampanida), cut verllcally. Tbe ituueni uppear to arise (Tom 
the lummlt of tbe OTaiy. o. and are called ep!i,-7nou9. The tube of the calyx Is adherent to the iivary. 
The lower part of the Blaioent is broad, aod conceals the npper part of the ovary when viewing tbe 
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in Borage (Fig. 631) and Aficlepiae (Figs. 632 and 633). Some 
of the Btamisal appendages are traced to vertical and transverse ■ 
chorisis. The filament is attached to the anther lobes, either lij ad- 
hering along their whole length on one side, called the back, and the 




aother is then adnate, as in Magnolia, Crowfoot (Fig. 608, p. 224), and 
Barberry (Fig, 645, p. 233) ; or it extends only to ttie base of the lobes, 
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Fig. 617- Ementlfll wKans of Binhwort {AriHolockia-). 
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Fig. 630. SCamenB md piatil of Sweet Pea {Lathyriai). 
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which are firmly fixed to it, and the anther is innate, as in Garex 
(Fig. 634), and Scirpns (Fig. 636), and Hemp (Pig. 574, 1, p. 216) ; 




Fig. axe. Fig. m. Fig. sas, 

s apex is attached to a Biog'le point of the anther, which then 

. 622. Hide flmver af CaMor-Dtl plant {Aurinui comimmM. The perianth li redexed, aiid the 
IS UB BWa In nnmerauB cliuten. Dolted by their filameuti. The Bonec Is polyadelphous. The 
Dt dflsters Aie hranchlng. ewh:ig to the filaments tidag aulted up to dltTbnot helghls- 
.62d- Corolla of Forgpt-me-not ^Myosotia), laid opeuuid Bpitad out. The Ave fltAmeniaie 
id, i.e. not pushed oot beyond tlie Roner ; they are attached to the tube of the gaioopetidaiis 
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swingH easily about, and is called veraattk, as in Grasses (Fig. 637), 





tlie Lily, the Meadow-safl'ron (Fig. 636, b), and the Evening Primrose. 
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302. The anther presents a groove or depression betveen its 
lobes, iadicating the place where the septum or partition is situated 
[Figs. 628 and 638). Each anther lobe also presents a line or fur- 
row runaing Irom top to bottom, and placed more or less laterally 
(Figs. 637 and 639). This is called the suture, or line of dehiscence, 
and marks the place where the anther opens to discharge the pollen. 
(Fig. 596, p. 221, and Fig. 640). The suture corresponds to the 
edge of the leaf, and in innate anthers it is lateral, while in others its 
portion is more or less distinctly on the face of the anther (Fig, 571, 
p. 215), or on the side opposite to the attachment of the filament. At 
the suture the epidermal tissue is thin, and the endothecium is 
wanting. 

303. The face of the anther is usually directed towards the centre 
of the flower, in which case the anther is called introrse, as in Mag- 
nolia, Nymphffia (Fig. 629, p. 230), and the Vine (Fig. 571, p. 215); 







Yig. 639. 



FLg.MO. 



at other times it is directed towards the circnmference of the flower, 
and the anther is extrorse, as in the Meadow-safiron (Fig, 641), 
in the Iris, and m the Tulip-tree (Fig. 259, p. 116). The mode of 
opening or of dehiscence varies in different anthers. Sometimes the 
lobes split along the whole face, either in the centre or at the side, 
longitudinally (Fig. 414, p. 174, and Fig. 640), at other times trans- 
versely (Fig. 642). Sometimes the sht only takes place at the apes, 
ao as to present two holes or pores, as in Rhododendron and Solanum 

Mg. 697. Gr^ of WhMl {Tritievm), with iu glumes and glnmellnta ramoTed, Two taif or 
lodkulu, iq, are isen at the base of Ihe orar;. There are Ihiea ttanieaa with thieail-IUie fllaioeiite 
and vwsBlUe anthen, a, luid two feathery BtyLea at the BommLt of tha ovary. 

Fig. «S8, Naked fiower of the Aah {Frazatui exalmor). ahewlng two stamene and one plaliL 
^e uther taaa a groove on Hg nuface InOlcstiDg the Beparalion between iu two tobea. 

Fig, ess. Flower of Ooqeelolit [ChmopodiiBn), with a rfugle perianth (monochlaniydeoiu, or 
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(Fig. 643), or four porea, as in Poranthera, or two tubes, as in the 

A Heath (Fig. 644), or so as to form a separable lid, 

/ I as in Gamboge. In Mayaca, the anther terminates 

I in a tube one-third the length and diameter of the 

i anther itself, and the pollen is discharged at the apex 

i of the tube. In the Barberry (Fig. 592, p. 220, 

/ and Figs. 645 and G46), each lobe of the anther opens 

' by a single valve, which is rolled upwards ; and the 

same thing occurs in many Lauraceffi (Fig. 647), 

in which, however, there are frequently four valves, 

that is, two to each lobe, corresponding to the anthe- 

rine cavities. 

304. The nnion of the anther lobes is effected 
either by a continuation of the filament (Fig. 645), 
or by a mass of cellular tissue with spiral vessels, 
called the connective (Fig. 571, p. 215). This ex- 
tends to a greater or less height between the lobes, 
and is sometimes so narrow as to be inconspicuous, as 
in Euphorbia. Sometimes it reaches beyond them in 
the form of a cellular expansion, as in Magnolia 
and Asarum, or of a long feathery appendage, as in 
Oleander (Fig. 648, /) ; while at other times it 
proceeds backwards in the form of a spur, as 
in the Violet (Figs. 649 and 650, c), and in the 
Heath (Fig. 644). In the Lime-tree it separates the 
two antherine lobes distinctly (Fig. 651, a). It 
divides into two branches occasionally, each bearing 
an anther lobe, as in Sage (Fig. 606, p. 222), and 
then it is distractile. The anther lobes are some- 
times separat«d by the connective, so as to become 
horizontal, as in Stachys, and then their dehiscence 
appears to be transverse. The anther lobes present 
various forms, such as round (Fig. 639, p. 231), 
globose (Fig. 628, p. 229), elliptical (Fig. 636, p. 
230), pointed (Fig. 631, p. 230, and Fig. 644), 
flexuose, as in the Glourd tribe (Fig. 652), and 
forked, as in Acalypha. 

305. The Pollen is contained in the anther, 
and presents the appearance of a minute, usually 
yellow powder, which, when examined by the micros- 
cope, is found to consist of cellules (Fig. 653) of dif- 
ferent forms, varying from 5^5 to yj^jj of an inch 

*^***' in diameter. Pollen -grains, when fully formed, are 

usually spherical (Fig. 662, p. 236), oval (Fig. 660, p. 236), or trian- 
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gular (Fig. 664, p. 236). In Bladder-Senna they are of a square 
form, in Virginian Spiderwort cylindrical, and in the Hazel polyhedral. 
In Fodostemon the pollen is of an obtong shape, with an hour-glass 
contraetion in the middle; while in Zostera it is a beautiful micro- 
scopic object, consisting of long slender threads. 

306, Pollen-grains are developed in the large cells seen in the 
early state of the anther (Figs. 598 and 599, cm, p. 221). Each of 
these cells is called a parent or mother cell (Fig. 654, cm). Its contents 
divide first into two, and then into four parts, each of which becomes 
covered with cellulose, so as to constitute independent cells or pollen- 
grains (Fig. 654, p). These grains either burst through the parent cell 
and become free, or they remtdn united in fours or some multiple of 
four, as in many species of Acacia ; or in large masses, such as those 



t 




Fig. ««. Fig. 615. Fig. tK. Fig. 8t7. Mg. 618. 

seen in Orchids (Figs, 666 and 656), and in Asclepias (Fig. 657), 
where they constitute poUinia. The remains of the partially destroyed 
mother cells sometimes remain in the form of threads. 
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307. Kacb pollen-grain hae usually two coverings, the outer 
called extine, being a firm membrane marked frequently with bands, 
reticulationa, or rough points (Fig. 658) ; the inner, denominated 
intine, being thin and capable of extension. The inline alone is 
present in Zostera, and some consider this covering as that first 
formed, the outer being a secretion from it. In tlie ripe pollen of the 
Fir (Fig. 659), the distension of the inline is such as to separate the 
estine into two bemisjilierical parte. Movemtsnta have been observed 
in the pollen grains of Ceieus speciosissimus and some other plants, 
according to Dr. Horn. The motions have been attributed to minute 
papillose processes or cilia. 

308. In the interior of pollen -grains a minute granular matter 
exists called fovilla, mixed with starch and oily matter. The fovilla 
granules vary from 5^5 to jj^^ftf °^ "^ ^'^^ '" diameter. These dis- 
play motions which are looked upon by some as molecular, or such 




as are seen under the mitioscope among mmute particles suspended ii 
fluid, while by others they are regarded as analogous to the phytozoi 
movements seen in the anthendia of C'ryptogamic plants * 
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309. The surface of pollen-griuns is ofteD marked by grooveB or 
folds (Figs. 660 and 661), and by rounded markings. At these parts 
the extine is either defieient, or separates like a lid, as in the Passion- 
flower. When the pollen is moistened in water its grains absorb it 
and become enlarged, and the intine bursts at one or more points, 
sending out the fovilla (Fig. 662}. When the pollen is scattered on 
the pistil, and is moistened on one side by the fluid of the stigma 
(Fig. 663, stiff), the intine, in place of bursting, protrudes in the form 
of a tube called a pollen-tube (Figs. 663, Ip, 664, (, and 665, b). The 
number of tubes protruded in different kinds of pollen-grains varies. 
Amici says that the two pollinia (Fig. 656) of Orchis Mono contain each 
about 200 secondary small masses (Fig. 665, a), composed of grains 
united in fours, and that each of these small masses present 300 open-. 
inga capable of emitting tubes.* 

310. Transformations of Stamens. —Changes take place in the 
stamens by suppression and degenerations of various kinds. When- 




ever the stamens are below the number of the parts of the calyx, we 
may suspect that there has been some suppression. In many irregular 
flowers, such as Figwort and Dead-nettle, four stamens only occur, 
although the parts of the calyx and corolla are five. This depends 
on the suppression of one stamen, and, in the case of Figwort, we 
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find a rudimentarj' Btamen in the form of a, gtamiuodiuiD, as shown in 
FigTire 666, where a dark scale is seen attached to the corolla on the 
up[>er Bide. Again, in a,llied plaata, such as Fen4fit«nion, the fifth 
stamen is produced. In Labiate plants also, allied tJ) the Dead-nettle, 
the fifth stamen sometimes appears In the form of a thread, terminated 
by an antker-like body, which, however, is barren. The stamens are 
suppressed in the case of pistilliferous flowers (Fig. 575, p. 216, and 
Fig. 579, p. 216). Sometimes they appear in such flowers in an 
altered and abortive state (Fig. 584, p. 217). The suppression of 
an outer row of stamens is often indicated by those remaining being 
opposite the petals (Fig. 458, p. 189). In flowers with numerous 



..^ 





stamens, such as Poppies, Boses, and Crowfoots, there are always 
some of the stamens abortive, for we do not find two flowers in which 
the number is the same. It seems to be a law in vegetable organo- 

Flg, 860. ElUpticol pollen of Milk-wort (Polyfala), viewed lengthwiaa. Its suifsce, or eitlne, p. 
it ourked wlUi gnorei or bUU, /, where the latlne piotrrfeB. 

Kg. eai. Hie pollen of Polyguls, viewed from above, sbewlng the eiHoe, c. with Ibe alita, f, tor 
the protnuloD of the Intine- 

Flg. etS, Ripe roimaed pollen of Cherry (Centuai. dlsqhargUig iU fovUla Ihroueh & tqboUr 
openiDg tiimied by the latlne. There are otiier two points at wtileti the Inline ie Been pralndlng. 

ng. ees, vertical Kilioii of the npper part of the platU of Frogsmouth lAiUirrhmum mq/m). 
Two pollen enloB ve seen lying on the atlgnu, ilig, these send out tabee. !p, which plen» the 

He. «e*. Trlsngqlar pollen of Evening Frimrme (tEiothtro.), with one pallen tube, (, protmdcd. 
This tube Is formed by the hitlue which Is alu seen projecting al tlie other anglei. 

Elg. 86S. Small pollen mass, a, of early pnrple OkJiU (Orchil mmeula). The gr^s are often 
united hi four, or multiples of ftiiir. Pollen Inbe, b, aridng from a pollen grain. 

Fig. 686. Flower of HgwoK IScrojiiulBria). The corolla is aubgloboBe. with two short lips, U>e 
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graphy that the number of the floral organs iB lese constant the greater 
it is. Instances of Bell-heath and Purple Snap-dragon have been 
mentioned in which the stamens were entirely abortive. 

311. Stamens in Bome plant* have a great tendency to be changed 
into petals, especially in cultivation. In plants belonging to the 



f) 



Water Lily tribe, such aa the White Water Lily (Fig. 629, p. 230), 
the Yellow Water Lily (Fig. 671), and in the Lotus (Fig. 667), this 
tendency is very evident. In Eoses this transformation may be easily 

Fig.W. The Lotus WBter-Ulj IKsmphra Lcttia), one of tbosopUuiU Ln which there Is a great 
tfind^cy kn the fitomeDa to paM Into petals. The leaver are beaotifLilly retlcuUted. The plant ii 

32.28. a Cliton. It. B. Canl. U. 1. 2, 18; iv. i; V. 13; yi. 3. Hoa.Iiv.E). 

tig. 68B. FlDwering bianch of Rue IBula), showing Hi a, the platll dividing iolo eopvate puts, 

It Is the regamm of the New TeatameDt. tranalaled Rue In Luke il. 43. 

Rg. fl8». Pistil and i«ceptacle of the Orange ( Cilnit AuTantiam). cnt Tertkally, showing the 
prominent part of the rin^-like dlak betweeo the atameu and the ovary. 

Elg. 070. Flowat of ColQinblne {Aqvilegia vulgoria), etkowing the cODTerdon of ataiucnA Inlo 
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traced (Pig. 429, p. 181), as well as Jn all double flowere. In the 
case of Columbioe the change is effected in such a way that the 
homed petals enclose each other (Fig. 670). Occasionally the petals 
are replaced by stamens. This kind of metamorphosis is much rarer 
than the opposite one. In Monandra fistulosa the lower lip is some- 
times prolonged into a filament bearing an anther, and the petals of 
Shepherd's Purse have been observed antheriferous (anther- bearing.) 

312. When the anther is abortive the filament sometimes pro- 
duces hairs in its place. In the case of Oanna, where only one 
anther lohe is perfected, the filameni becomes petaloid. It is probable 
that the peculiar glanii-like scales of Pamassia are only an altered 
state of the stamens (Fig. .170, p. 214). Goeppert noticed a speci- 
men of Papaver officinale in which the anthers were converted into 
carpels. The conversion of the carpels into stamens is rare. Gay 
saw one of the styles of Colchicum antheriferous, and the other two 
prolonged into thread-like forms. Berkeley mentions a case of a 



Fi(. 671, K... m. 

white seeded Gourd, in which the pollen was replaced by ovules, 
many of them apparently perfect.* 

313. The organ which botanists call the Disk, seems to be in 
many ca^es an alteration of some of the staminal whorls. This is 
more especially true of such cases as Gloxinia and Gesnera, where the 
scales alternate with the developed row of stamens, and where the 
fifth stamen aastunes the form of a scale. The Disk may be smd to 
consist essentially of processes arising &om the thalamus between the 
developed stamens and pistil. In the Orange (Fig. 669) the disk is 
in the form of a ring surrounding the base of the pistil ; so also in 
Rue (Fig. 668), where it is very large and conspicuous. In the Vine 
(Fig. 571, p. 215), the disk-scales are evident. In the White Water 

Fig. B7I. VerUcBl Mctlon of the flower of tbe Yellow Wnter-LUr INnphar Iti/fmi}, In which the 
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Lily the disk is a X&rge cellular prolongation covering the ovaries 
(Fig. 629, d, p. 230). Id tbe Tree Pffiony (Fig. 672) it forms & dark 
red expansion which covers the follicles. In umbelliferous plantB 
(Fig. 347, p. 148), the remtuns of the disk are seen at the upper 
part of the fruit. 

314. Recapitulation of the general facts relative to the stamens: — 

I. The Stamans nre lite third whorl of the complete flower, and are arranged in one or 
more alternatiag rows. Thef cooatitDte the Andrcecium, or male organs. 

3, The; coosiBt essentially of metamorphosed leaves, and follow the same law of deve- 
lopment and arrangetnent that leaves do. Id double flowers the; are converted 

3. In MoBoeciouB, DiiEcious, and Pol7gamona plants, some flowers have stamens without 

the pistil, and are called Staminiferoos, Staminate, or male. 

4. The Btamens arise unrmally fhim the thalamus, but the; nndergo changes b; adhe- 

sion to the oalys, corolla, and pistil. 
6. They are attached to the thalamus, or, in other words, are HypogjTioas in the plants 
included under the division of Tholamiflorffi ; to the cal;x, or PerigynoDS, in Caly- 
ciflorn; to the corolla in Corolliflorse ; and to the pistil in GynaudrDus plants. 

6. Each stamen consists usuall; of two parts — the Filament^ and tht Anther containing 

the fertilizing powder called Pollen. 

7. The stamens are ratter free or united to each other. The union takes place by the 

filaments in Mcnadelphous, Diadelphoos, and Polyadelphous plants ; and by tlie 
anthers in Syngenesious plants. 
B. Stamens exhibit, in many instances, variations in their relative lengths, and, in tbe 
case of Didynamous and Tetradynamons plants, these variations are in deAmte 

9. Alterations take place in the stamens by abortion and degeneration of parte, by 
itrt^Dlar growth and adhesion, and by chorisis. 

10. The organ called the Disk is frequenlly an undeveloped condition of a Staminal row. 

11. The Pollen consists of cells contained in the anther-case, and discharged by various 

kinds of longitudinal, transverse, valvolar, and porous dehiscence. 
1^. In tbe development of pollen, the division into four is common, and the grains often 
continue united in fours or multiples of fonr. 



, Gyntecium or PisttUine Organs. 



315. The pistil is the verticil which terminates the axis of growth, 
and is placed in the centre of the flower (Figs. 673 and 674). It is 
composed of leaves called Carpels or Carptdia, from their connection 
with the fruit. These leaves are folded, so that their lower surface is 
external, and they are well seen in the Cherry, with double flowers, 
in which the organs of reproduction are more or less completely altered. 
In this plant one or more leaves (Figs. 675 and 676) occupy the place 
of the pistil. In the monstrosity of the Rose, represented in Figure 
426, p. 178, the pistil is changed into a series of alternate leaves. 
When there is a single carpel (Fig. 677), the pistil is simple, and the 
two terms (carpel and pistil) are Bynonymoua ; when there is more than 
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one carpel, the pistil is compound {Fig. G78). The carpels are either 
distinct or united ; and it frequently happens, that by adhesion and 
obliteration, changes take place by which the number of the carpels is 




diminished, so that they do not equal the other whorls. It la ri 

the parts of the pistilline whorl symmetrical with the others, A flower, 

Hg, 673. Flower of Periwinkle IfiniB), cul yortically, Bhowing the gyncediiim la Ihs centre, 
roDBlBling of OTUy. nlUi ovnlei at the lower part, eaiiag in the etjle and itlgniB. The IMler l> 
contracted like an haoT'^lHAS in the tolddle, and bas two pntfecllng pana below like a crosa. The 



the calin, fire of the corolla, fire atamena, and five carpela In the centre, 

eaipels contalo orulea or yoDOg seeds- 
Tig. 07&- flxpabded carpellary leaf from the doublB-flowerlng Cbeiryr 
Fig. fflS. Folded caipetlaiy leaf of tbe donble-Soweiljig Cherry. In pie 

llg. 07T. PlatU of Broom, conrtathig of OTaiy, o, sljle, a. and etlgma, !, 
tarpel. The terai« j^afll and earpel an hare aynonymona 

Vig. S7e. Flower of Stone-croii (Sedrm), 
platil In the centre. The pieUl la componi 
.or dialycarpon.. 

Hg, 679. Dlagnun of the Bower of To 
(he calyx and f^oroUa, five atajnena. and a 
cnrpidia united, and ie called ayocHrpone. 



re an five dlrlalima of 
rmed by two carpela or 
Ltnmertins, althon^ the 
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however, is etill called aymmetrical if the numbers of the three outer 
whorla are equal to, or multiples of each other (U 245), Thus, the 
flower of Solanaceee is symmetrical, in which the calyx, corolla, and 
stamens are pentomerous, while the fbU'grown pistil is dimerous (Fig. 
679). 

316. A pistil is called apocarpovs or ^rdycarpova when all the 
carpels are separate (Figs. 680 and 681) ; and ayncarpova when they 
are combined into one (Fig. 682). The parts of a perfect pistil, as 
already noticed in ^ 229, are the ovary, containing ovules or mdi- 
menttjy seeds, the style, and the stigma. These terms are rather 
vaguely used, as applying either to the parts of a single carpellary 
leaf, or to the parts of a pistil formed of more than one carpel, and in 
which the ovaries, styles, and stigmas are united completely. In 
Figure 683, the lower portion is the ovary containing the ovule, ov, 
tiie style is marked tc, and the stigma tt. The style is not always 



>■«. 683. Fig. 880. Fig. 681, Fig. 683. 

present, and, when absent, the stigma is sessile, as in the Poppy (Fig. 
417, sit, p. 175). 

317. The ovary of a simple pistil consists of the folded blade of a 

ng, 630. PWa(gyni)uiiini)o(StoiiecrDp(SiifH.) It crauliU of fin urprla, wUch nn lepuUa 
■nd dMIiict. Ewsh cupel bu tu gwD oruy, ityle, and stigiDi. The plitll !■ Biuurponi or dlaly- 
iniwiu. Ataebueof aBEMpeli m«Ben»oUMwhWi«rt prebibly tejantedftmnUieiUmBBi 
by clwiWi. TbeK ralca in «UMI the iwctary. Balow tbe pinil !■ the put of tbs peoeptrndo W 
vhlcli the oCtaer wbotli wan Httulud. 

Hg.Sai. VenlMl»ectJoinrfth9flqwero(MMdo»-«weel(4ii«o). The ptadl Ij upocmpoiu, ooq- 
(UHngofMrataldiniiictMipali,!, «»cb wllbowpy, ttyfeimiitlgiiu. Tbs nmieim™ indefinite. 

t1g.66lt. nitlloftheBubfiiTy(£frinttnl;sm). It ie ■Tnurpoiu, coniiMiiig: of Hienl cupeli 
combined. The (Ugnuk « li pelute (aUeld-Uke). and nurl^ Medle. Tbe comblDod owlet, o, md 
In a vei7 thkk and abort Arte. Below tbe jMU la the recepCule at Uulanuia wblcb bean the Bonl 

Fig. 683. PtatU oT Ainloat (ftixu .^rnuuJDa), cot nrtlaltjr. The aolltai; omle. ot, la con- 
laiMd In tbe OTOty. which oooalK* of tluee coata, the Inner, ati, which concaponda to the upper 
eptdennla of Ibe carptUmy leaf; and which finally becomei the baid atone of the Apiieol. Th« 
middle. M^ comHpondlne to the me»iAylliiin or pwenchyma of ttie carpellarj leaf; and which 
nltlmatdy beooniM the flwhy part of the Apricot ; and the onter, ef, coireipoiiaing to the lower 
eiMenniaof the carpalUryleaC mm! whlchflnaUyconBtltntsa the tepapaWe skin ofthe Aprlwt. The 
atyle la pmhiDgHl npwarda, containing a canal, te. and ending In the ttlgma, >(, oonaiaUng of looie 
celtnlai tlaaoe uncOTowl by epidermLi. 
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single leaf (Fig. 688), and reeembles it in structure. The outer eai- 
face of the ovary (rigs. 683 and 688, ep) reprcBente the lower epi- 
dermiB of the lea^ aometimeB covered with hairs, and, when green, 
exhibiting stomata; the inner aurface (Fig. 683, end, and 688, en) 
represents the upper epidermis ; between these two surfaces are placed 
the parenchyma, and the vascular tissue consisting of woody, spiral, and 
dotted vessels of various kinds (Fig, 683, me). The midrib is on the 
outer or dorsal surface, and therefore is inferior, while the two edges 
of the leaf (Fig, 688, p{) are united at their inner part or face next 
the axis, and are superior. 

318. The face of the ovary is called the ventral ititure, while the 
back is called the dorsal mture. At the ventral suture there is a 
cellular growth called the placenta (Fig. 688, pi), to which the ovules, 
ov, are attached often by a disdnct cord, /. As each margin of the 
folded leaf or carpel forms a placenta, this organ is essentdally double, 
and it sometimes shows its G^rmation hy appearing as two lamellie 
(Fig. 688, pt). Along the placenta the ovules are placed in one or 





more rows (Fig, 685). Sometimes they occupy a small part of the 
placenta, as in cases where they are reduced to one (Fig. 683) or 
two. The parenchymatous tissue sometimes become hard, as in the 
nut ; at other times it is much developed, and forms a succulent 
covering, as seen in fleshy fruits (Fig. 683, me). 

319. When the style exists, it is a prolongation of the cells and 
vessels of the leaf upwards, and represents the narrow portion of an 
acuminate leai^ folded so as to form a canal (Fig. 683, tc), with loose 

FIg.flSt. I>iagTiimottlieai>weraftlKGeDUAa(Oniliiiu), HHuliUngof flrepuIgoftlHciilyi. Sts 
<if tbe contls, Sie stameiu, Biid[wadivliiDiisoftli«plaEi1,whicbue]du»dlii<«]l7. <. «., loibeilghi 
and left <tf the lolfl. The QoWfir It regnliir. fymmetilcal, and peDtuDenms. Tbe platU IjlcitrpvJUry. 

Fiff- 686. Onfi of the carpelB formLng tbe plnil of Hoadow-awttt {3piTte)- It la Laid open to 
tbow tbe ornla attacbed to tbe placoita on tlw Tentral aoEon. Tbe placenta, Mflc, and aUgma, 

I1g. SS6. Diagram or 
the calfz and Dorolla. ai 
oneofwblchliBapeclor, 

ng. 6f)7. DLagmnallc HctJoo of ths flower of WiMowo' iCkeirmfkia duiri). Then 
parti of tlie calyx and of tbo ouoDa, sIk aUjDoiu, which are tatradfoamotia (fbor loog fai palra. an 
two abort), aod a blcaipenary platil, with the carpels placed laterally, I. ?^ to the rlgbt and leR of tt 
aila. Tbe dlvUm Is tin plHII congliti of a prolongation of tlie placental tmra tither alda, and 
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eellB iDside. It is terminated by the etigma {Fig- 683, «(), which is 
a loose cellular portion divested of epidermis, and moistened with fluid, 
80 as to detain the pollen-grains when scattered. The stigma is some- 
times a mere point, at other times it extends along one or both Bides 
of the style. It is to be con^dered as continuous with the placenta. 

320. When the pistil is formed of a single carpel (Fig. 677, 
p. 240), it terminates the axis, and appears to be continuous with it. 
Wben the pistil is Hcarpellary, that is, formed of two carpels (Pig. 
690), they are placed opposite to each other, and if they unite, it is 
by their ventral sutures. The carpels, in such a case, are usually 
placed so that one is superior, that is, next the axis, and the other 
inferior, next the bract of the axillary flower, as in the Figwort order 
(Fig. G86). Sometimes, however, they are lateral, that is, to the 
right and left of the axis in a plane at right angles to the axis and 




bract, as in the Gentian order (Fig. 684), and Cruciferse (Fig. G 
When the carpels are more than two, they follow the usual laws of 



ng. sea. PIMU of Uh Fet (Pimm K 



iti of A dofle cBfpel coolalnlnR 



of Ihe leaf. Between tboM two tayen there ia a imall snioant of qellnlar tlHue like the par 
of Che leaf. The parenchiTiuiloiis portioti is not so much developert as In Figure BBS. The 
la perdMcnt. The etjle agd etIgoiB are marked i 

ng, eS9. PJBtil of a kind of BiTeet.pea iLalkgna), fonned by a single carpel, moaiatlng 
0, Willi a Btyl«, «, ind UIgiiu, itii. It 1« monooarpellary. The calyx, c, la perilstenl. 
li monogynoiu, because Lt contaiiu one carpel, and odc style and adgma. 

Hg. 8*0, FlDwer of Cheny (Ciruiu Mnwiicirii), cut lertically, ibowlng the platll i 
two separata carpels (blcaipellary) \ only me of the carpels comes to perfection In the 
flowBt Is tald to ha digyncos In thia mndlOon. The slameos are Indeflnlle, and attj 
calyi. The plaol belonga to the division C^yclflor*, and some call It calycaodroos, a 
numenna stamens bebig attached to the calyx, 

rig. fl»l. Syncarpooi plstU cf Camallmi {Diantkri CuryopkyUia). consisting of two on 
aapported on a stalk or podocajp. p, called also a tfaecaphore or gyni^hore. The two 

to be digynoos. 



The Bower 
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alternation with the other parta of the flower (Fig, 674, p. 240). It 
is chiefly in apocarpous pistilB that the alternation can be satiafactorily 
> eeea ; for in eyncarpouB piBtils, the adheraon which takes place often 
obscures the arrangement. 

321. The number of eaqjels in an apocarpons pistil, or the num- 
ber of separate styles in a syncarpons one (i.e., one in which the 
oTaries are united), iB indicated in tie following way : — 



A flower with a Bimple pistD or on< 
A fiower with two separate carpels ( 
A flower with three „ 

A flower with four „ 

A flower with fiye „ 

A flower with six „ 

A flower with seren „ 

A flower with dght „ 

A flower with nine „ 

A flower with ten „ 

A flower with tweire „ 

A flower with a greater number 



style is Monogynoua (Figs. 683 and 6S9). 

is Trigynons. 

is Tetragynous. 
f is PentagynouB 
I (Pig. 692). 
( is HaxagynouB 
\ (Fig. 693). 

is Heptagynous. 



is Decagynous. 

is Dodecagynous. 
(is Poljgynous 
|(Figs.694and69e). 



These differences are employed by LinnnnB in forming some of his 
Orders. 

322. In an Apocarpous pistil, the carpels may be arranged in one 
circle (Fig. 693), or in several (Fig. 694). In the latter case, the 
inner whorls alternate in suoceswon with the outer. Sometimes they 
are placed on a fattened receptacle or thalamus, as in Marsh Mary- 
gold; at other times on an elevated one, as in the Crowfoot (Fig, 
694), in the Strawberry (Fig. 695), and in the Tulip-tree ; while at 
other times they are placed on a concave one, as in the Rose (Fig. 696). 

323. In a Syncarpons pistil, various degrees of adhesion take 
place. The carpels may unite merely at their inner angles, leaving 
marked external divisions, as in the Sue (Fig. 668, p. 237) ; or the 
ovaries may be completely united while the styles are separate, as in 
Lychnis (Fig. 697) and Nigella (Fig. 698) ; or the whole may be 
consolidated into one, as in the Primrose (Fig. 699). In rare cases, 
the styles and stigmas are nnited into one body, while the ovaries are 
separate, as in Labiatffi (Fig, 701) and the Borage order (Fig. 700), 
as well as in Asclepias. 

324. In syncarpoiis pistils, the number of carpels entering into 
their composition may he traced by observing the grooves or lobes 
of the ovary, by the number of styles and stigmas, and, when com- 
plete union takes place, by the venation, or by the divisions seen 
in the interior of the ovary. Thus, in the Lily, the syncarpons 
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pistil is compoBed of thiee carpels united, and, by cutting across 
the ovary {Fig. 702), we observe three loculi contaiumg ovules. 
The carpels are generally united in such a way, that partitiona or 
dissepiments (septa), more or less complete, are seen on making a 
transverse section. These are formed by the union of the margins or 
sides of the carpellary leaves, each septum being essentially double or 
composed of the lamina of two contiguous carpels. This is seen in 
the figure of the pistil of Colchicum (Fig. 703), which is formed by 
three carpels ; and on making a transverse section (Fig. 704), the 
formation of the septa is evident. The septa of collateral carpels are 
therefore vertical, and equal to the number of carpels. There can be 
no true septum in a single carpel (Fig. 688, p. 243), but spurious 
divisions (phragmata) may be formed, either in a transverse manner 
by cellular processes proceeding from the walls of the carpel, as in 
Cassia Fistula (Fig. 705) and Desmoilium ; or in a vertical manner, 
by projections from the dorsal suture, as in Flax (Fig. 706) ; or by 




prolongations of the placenta, ae in Cruclferse, where a replum is pro- 
duced (Figs, 707 and 708) ; or by a tumiug inwards of the ventral 
suture (Fig. 709), as in some species of Oxytropis, or of the doreal 
suture, as in Astragalus (Fig. 710). In the Thorn Apple, the ovary, 
when cut transversely at the upper part, shows two cavities (Fig. 
711) ; but when the section is made at the lower part of the ovary, 



Onmakljis h 
uctloa of the compoimd oraiy five locoUtDantfl an seen. 

ng. ees. ApotariioiB pima of Helkbon (Hclltboivi}, contbtlng of ill diUioct carpels. Tha 
flower ia heugynoiu. Below the piMU la seen the mKptule or IhaluDiis Into Htaleli ibe Mbei SonI 
wborh ue ioseited. The plant beboga M Ibe Ttaaluniaone. 

Hg. BM. Apociipom emnponnd jdsUl of Crowfoot (Omimwlw). eoBBUUng of nnmerooa aeparela 
nnl-omUr cupels, arranged In HTeral nwa on an elemCed noeplacle. The Bower la polTgynona. 

tion below the plitil Into the Ibalamna. The atamena are hnH>ey™'»: ^d Ibe plant beloDga to 
ThalamiOorE. 

ng. 8»E. Secdop of the flower of the Strawberry (Frt^aria meat, ahewtag the pistu in the 
centre, p, compoaed of nimierDTiB aeparate onl-OTnlar caipeJa, placed on an ^valed portion of the 
receptacle, which ultlmat^^ benunea aucculent, and eooaUtutea what la commooly called the Frnll. 
Each carpel baa a atyle and atlgma. The flower ia polygynoiu. Three of the stamena, ^ are left to 
ihew their huertlon Into the calyx, Cr The atwnooa bavelntrorae anthen dehlsdnff longltodinaJiy. 
The phinl bekrnga to CalyctHorie. 
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there are four cavities formed by a spurious vertical Reptum (Fig. 
712). 

326. When ttie partitiooB in tlie pistil extend to the axis, a tranB- 
verse section shows a number of contiguous cavities or locitlaments 
(loouli), with the placentas in the centre bearing ovules (Fig. 713).* 
A compound pistil of this sort composed of two carpels is two-celled 
(bilocular) ; of three, three-celled (tnlocular), as seen in the Lily (Fig. 
702), and Colchicum (Fig. 704) ; of four, four-celled (quadrilocular) ; 
of five, five-celled (quinquelocular), as in Campanula (Fig. 713) ; of 
many without distinct reference to number, many-celled (mnltilocular 
or pluriloeular). 

326. When the partitions do not extend 1^ the centre, all the 




cells or loculi communicate, and hence sucli a compound pistil is 
really unilocular, or has one cavity, as in the Poppy (Fig. 717), 

Ylg, BM. Flower of tlw Ron (Rata), cut lenicallf . TtM ovirieg. on, of the KpaiaU carpel* ars 
■ttubed to s Seih; dlak lining tba ealji, c. The tabe of the uIti li contnicted st tbe oilier pan. 
and tfarangh tbe namjwnl portton the styles paM. Eadl carpel haa tta ovuy, atyle, and atlgiua, and 
CDiilaliiB a ttaigle ovule. The pelAli, p, aa well aa the atameu, are luaerted into tlie oilyi. The 
flower la poly^^ynona The plant belcnga to Calrdflont. 

¥\g- 697- Syncarpona platil of R«e-<amplon (Igrcifiit). cot verticaUy. It Is aapported on ft abnrl 

The DTules are attached to a free central placenta, owing apparently to araptnre or the dIsseplmentH 

placenta In the centre of the componnd ovary Is very large. 

Fig. 098. Componnd syncarpona platU of MlgiBllA, conalgtlng of five cupele partially Boitcd. He 
Ave Btylcfl and adginata are Itee, and tbe fiower la pentagynona. The dlvlakma of the carpdi are 
aeen at the ^jer, and along the aldu of the componnd ovary. 

Fig. SM. Componnd syncarpoos plitU of Frlmroae (fVimla). The five carpels of vhkb II Is 
"Mated so Baio appear Dae. Hie ovarlea, o> the atytea, t, and sttE- 
la called HonogynoDS, althongfa In reality there are five parts of the 



. The fie 



ovule la attached, and gi 
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Reseda (Fig. 718), and Orchis (Fig, 719). In these unilocular eyn- 

carpous piBtila there may be seen partitions proceeding to a greater 
or less extent into the cavity of the ovary, and hearing placentas on 
their edges (Fig. 715). Such placentas are called parietal, and their 
number indicates the number of united carpels. These placentas are 
sometimes nearly sessile on the walls of the ovary (Figs. 716 and 
718); at other times they are supported on distinct parietal septa 
(Figs. 715 and 719}. Such are called cases of parietal placentation, 
and are considered as showing the formation of marginal placentas, on 
the edges of carpellary leaves more or less completely folded inwards 
towards the axis. The ovules, in these instances, are analogous to 
buds on the margins of leaves, as seen in Bryophyllum (Fig. 720}. 
327, Cases occur in which the carpels are united so as to have 




no apparent folding inwards of their edges, and in which the placentas 
are placed in the centre, quite separate from the walls of the ovary. 

Fig. 701, Vertical iection of part of the floKBT of Sage (Sabxa). one of the I.Bblute ploats. The 
ciilyi, c, corollB, co. (bo iccepticle, g, the plMU In the oentre, cofuNdng of ovuies. o, end style, tl. 
Id this plant there are four corpela forming the piatil, two of wbicli «re »Mii In the fignrs, TbBBe 
carpelfl become aeparate, while the etylea en united Into one. llie union of the cupela takes place 
by the aflei, and not by the ovaries. 

Fig. 703. OraryorlawerpaitoflheplnlloftbeUly (LiUum), cnttruisreraeli'. There ue three 
locolanienU, Indicating the union of three Qupels, and the otvt la old to be tillocniar. The divl. 
^oufi in the ovarTi called aepla or disaeplmenta, are formed by the aides of the earpellary leaveB. 



ynlea are placed coUateralty, In palrsr In 



unent, and are attached to 

insledng of three carpels, vtilcb flaBlly H 



platiL The dehlicance li 
ling throe 



trom each other at the apex, ehewing the compoaltlon 
called BBptlddal, because It tahea place thtDugb the septa. 

Fig, 701. The compoond orary of Meadow-eaSroa (Colchicunt), cut tn 
locaUment*, fonned by the onion of three carpels, which ultimately lepi 
The OTOles are attached to the pltcenta In the centre. 

Fig. 706. IlBtil of Caail* Figtola (CaHartocarpiu Fislula], cut vertlcallji, showing the Kpai 
dldakina In the legume. The dlrliloni are ipurlous septs (phragmats), fbrmed ftom the Inner Un 
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as in the Chickweed and PrimroBe familieB. This is called central 




Y\t. 707. 

pittcentation ( 



i. 721 and 722). It is by some considered as being 



Pig. TOa. Compoond ovsiy b( riai (LiBum), col tianirenaly, BtowioB tha five Mipola of whlc 
tbe DTuy l> formed, and each of tlitM cupeli inbdlvlded by foldings of Ibe doruJ mtnn Intu twi 
IbHl nwUpg in aU Wn dlTiBloiu, (See Fig. 601). 

Yig. TOT, Compound OTiry {SUiqia) of WaMonei iOhfiranllua), canilsting of at least Cn 
ciupvlB united. One volTe haz beeiL removed to show the partlUoD or replom, e/, fbimed of 
donble layer from the plscants. m, on eiitaer iiae, to wbtcb the omlta, on, an attadi«d by meaiu i 
rUnicoU. Tbo ovQlea fbrm a single row, ane above the otiHr, alternately attached to dther dd 
Tha partition I5 Bpnrioua {phragma), ai It la noi foimed by the edgei of Ibe carpels. Tbe elyle an 






Rg. ■ 



ion of the plitU of Ibe Waliaon 
>, tbe middle, me, and the Inner, 
oomplete phragma or spmioas d 
^Dl«e an bchi attachad bj 



{€tmaiiHiH auirfj, ibawiag the 
t. There are two dlvliiona bi tbe 
ei^ent, formed ftom tha placente 



may, lepittsl^d 

on either side, to whlcl 

Fig. 709, Diagram to illnsmtc the formatiim of a gporioafl Bcptom In a carpel, by the folding 
Inwards of the ventral antnie. The midrib of the leaf, m. the infiected edges of the Tentral sutiirs, 
>, and the placanta, with the omles, a. A nnllocalar ovary may thos become iporiiKiBly bUocoiai. 

Fig, 710. Flsdl of Mitk-vetch {jtilmgaUu). the ovary of which becomes fpnrlonsly two-celled 
(bUocolar), bythefbldlnginnardsoftbedDnalsaliin. lliecaipellacattmiavetselyicrDwtashDw 
the partition and the ovules. 

Fig. 711. OvBi; of tbe Tbom. apple {DBlura Stramanirm). cnt tnuaversely at the upper part, 
showing two carpels united to form a compomid ovaiy, Tlie inner edges oT each of the carpela, after 
meeting in the centre, turn outwards, and bedf the ovnles on their pn^ectlng porlioni. 

Fig, 712. The ovary of the Tbora-i^ple IDaluta), cut transveraelj at the lower portion, shewing 
tha mode in which tbe ventral SDtnrefl of each nf the carpels turns outwards towards the midrib, 
whence a cellnlar pntongWlon proceeds, lo as to divide the ovaiy into fOar hi place of Cwo locnla- 
menls, The partlHons are apnrioos, and the ovaiy la spniiously qnidrflocnlar, or tetratheoaL 

Fi^. 713. Ovary of Boll-flower [Camitaniiia). cat transversely. The placenta la In the centre, 
consisting partly of a prohragaUon of the ailaln the tbrm of a column, and partly of the uneplanD- 
laties. bearing numerous ovalei. arranged collaterally In pain. Tha ovary Is qnloquelocular, beint 
formed by ftve carpels, which are attached Id the calyi, (. The back of each of the carpels coirea- 
ponda lo the ToMtlb, J, of a sepal. 



.y Google 



PLACBNTATION. 



249 



produced by the disappearEtnce of the septa, or by tbeir rupture, at an 
early period of the growth of tke ovary, bo as to leave the placentas 
in the middle. This view is strengthened by seeing in some of the 
Chickweed tribe, septa in a very early stage of growth {Fig. 723, c), 
and imperfect remains of these partitions on the wall of tiie ovary, 
even in an advanced stage [Fig. 721). Berkeley, on examining a 
monstrous Carnation (a plant belonging to the Chickweed family), 
found that the placentation was at first marginal, and that, at an 




early period of growth, the placentas separated from the septa from 
the base upwards, formiBg a central solid mass below, but Btill bear- 
Fig. 714. DUerUQHtlc KcUon of a qnlDqaelocDUi or penUthecAl ovary. compoMd oT flve cHrpfilSt 
tbe edgH or which are ToldMI Inwdi, and msM la (be csotn. The ornlei, g, an attached to 
* wntral placental fbrmed hy Iha union of tba flTfi TontraJ Batnna. The Ave pvtUlona, aepta, or 
dliHplmeota. i, are oompoeed of ths two iddea oTcimtlgiioiu cupals. 

Fig; 716, DiagrmuiaUc aeotloD of a qolnqadooiilar ovary. Ed vhlch the Mpta, t^ proceed luvaida 
tot a oertaln leiglh, b«rfai( tlie plaowtai nod otdJsi, s. Id tUa cue tba tynxj la mllooular, and 
the placentat are parietal. 

lig. Tie. Diagnmatic BectioD of ■qnlnqoelocslar orUT.In whkh tba edgea of the oupela bearing 
the placental and OTUlea. o, an not ftilded Inwards 'nioplacenbiAar* parietal, and theoTnlea appear 
aesiUs on the walla of tbe oiary. The annpoiiDd onuy la nnllocaJar, and edges of Ita caipeli are 

Fig. TIT. Ovai; of ibe Poppy (i'apaKr), cut tranirenely, abontig tbe parietal placieatiilBa, pi, 
the whole nirfKe of which la covered by omlca, ov. Hw orary la nnllocalar- SpartooB placental 
^tUou extend In the young elate toward! tbe centre. Aa the [dgtU advances lo nuUnrlty tbe 



Fig. 718. UnlkKslarormonolbec 
OTUlM attached to three parietal plai 

Fig. TIB. Unilocolar or monothec 
parietal placentaa bearing orulea. 1 

ETg. 7M. Leaf of Biyophyllnm < 
" ■ ■ B repment 



OTary of Ulgnonetta (fioali), <m tranivaraely, ihowlng the 

.l«B,pl. 

orary of an Orcbid (OrckiiJ, cut tranireraely, ahowing Ihtee 
1 edgca of tbe t^rpelt are ilightly Iblded Inwards, 
fdnom, with bode at tbe crenatntea of Ui margin. Theae 
r ovqlea attached 10 marginal pLacentaa- Wbeo lucb a leaf la 
!t, the budi are then in (he gliuHtlon of the ovnlee In a dngle 
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ing evidence of their original formation by their coanection with tiie 
stigmas above. 





e inBtances, however, especially In the PrimroBe tribe 



drele. ThB ovqIm, o, sre in tie centre, uid not Bltacliel to the wbIIs of the orery. I 
■apposed to be produced by the jepta being ruptured and Absorbed, eo oa to leaTe tbe p 
the OTulei [n tbe centre. It ma)' represent wbit takes place in tbe Chickweedorder, ) 
the placeatA in tide ease bb being Ibimed from the aiia. 

yig. T^ Diagnniiitic section oT ■ compound nnlloculir OTuy. in which then sre no Ini 
of partitloDa, The ovnlea, 0, are attached to a free cenml placenta, wbicb baa no connection with 

placenta la said to be a trnl^ aille, and not morgtual formation. 

Ffg, 723- Younf ovary of Rose^amplon {LyrAnit), cat tranaverBely. In the centre is the u^s, 
with five rays ptvecedlng from It, dlvidinf the placentas, pi, which are in connection with the 
condoctkne tissue, te, of the styles, and which bear tbe orulea, j. la this yonng state then an 
fivejsepta, r, extending from the woUa of the ovary to the placenta. These paititiomi are finahy 
raptured, so that tbe placenta becomes free in the centn. Tbe ooter wall of the oraiy Is marked, 
ep, the inner, an. Some condder the placenta hi this caae as axlle. 

crofaPriinriiBe(/yiMiiti).Bhowlog tbe pistil laid open. The round 



Tbe atigma \t capitate. Tbe a 



e alyle, c€ 



of (he tube of tbe cv 
The scale Is looked 



Elg. 786. Doe Bt the scales of a FIr-cone, bearhiE at its ^ase I 
the ovules or the chalsna 1> tuaiked cH, the apex or mlcnpyle, in m 
modified bract, and the ovules an said to be naked, i. e., not oontai 
and Btjgma. Tbe pUint la gymnospermoua. having naked ovules. 

ng. 73a False Sago plant (Csau rnaltla). It Is one of the plants wbleb produce naked ov 
It belongs to Ibe natoral order Cycadaceie. A fine epedmen, with ovnl« attached. Is to be aei 
the Uuaeum at tbe Botanic Garden, pressntod by I>r. Gilbert MUsb. 
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(Fig. 724), no vestiges of septa are found, and no marginal ovulee 
any period of growth (Fig. 722). Heace this kind of central plac 





728. rin. 730, Fig, 783. Rg.TSl. 

B BuppoBed to be produced by a prolongation of the axis, and it 

I. Finu of B«d VsleriAn (Cialnol 



I orinci 



; lij/ Uie style, m 



) crary. The colrx, oa 



Fig, 730, 
reeepiitlo. 



le Soa-Pink {AnMria>, q 

iiiflpe&ded by tk coid cr fasLciiJiu. eor, vhk 

Aja oTttae alyle, tit c, psssfis fi>r a certRlD w^ into tbfl ovaiy. 

^ FeRiulKcttoiiortheflowerDftlia Pii|ipT(i'<<l'<i(vr).bli>>wiDgi]tiineroiu(mile8BlUictaed 

IfiHW of Ow plBQSnttij, Ths nlgms is aemile on ths lop of Ibe ovary. The MaioEiu tte 

Ondeflnlle) and hypogynom, 
PIMU of Colmnblne fAfsiUgia nlgarii), dtoated oa tha iBMpUds, r, whkh it u the 
u podoucle, p. The plnil i> (Ormed of Bto oeplrue carpeli, uiaiiged Id a dicle on tbo 
Eiiclicarp«lconal«iofovuy. o,ityls,ity, anllnlgml^>ev- The piam Is i^Kicaipaiu, 
PIbUI of OnDge (dtruj Aurwitiuin), altiutod above tbo cnlfx, ud having a dicular 
ua. Tbe pimdl is sopeiloi. and It coDBiBt4 of a compeund ovary^ ityla, and Btt^miL 
GyicBdiun of Ibe FloTer-de-LoM (Iris), coDstRlog of In ovuy, d, uUecenC to tbe 
il a sljl^ffji, irhieb divides talo three pelabiLdKgmcnt»beaihigatlgmM,»(V' Theoraiy 



.y Google 



252 PLACENTATION. 

is therefore denominated tucile — the leaves of the gynoecium being' 
looked upon as united in a valvate manner, and aa being verticillate 
round the placentaiy axis, which bears ovules like leaf-buds. Those 
who adhere to the view of all placentas being formed on the marginB 
of leaves, have endeavoured to account for cases otfree central plaoen- 
tation like those of the Primrose, by considering the placenta as 
formed by chorisis from the edge of carpellary leaves, or by placentas 
produced only at the base of the carpel, and, after uniting together in 
the centre, becoming elongated and enlarged. On the other hand, 
some advocates of a^e ptacentatioo not only apply this view to such 
cases as those of the Frimrose, but to all cases of placentation what- 
ever; and, in the esse of parietal placentas, think that the axis divides 
into a number of cellular prolon^tions, which become attached to 
the edges of the carpellary leaves. 

329. Schleiden, who supports the view of axile placentation in all 
cases,* looks on the ovules as buds from the placental axis, or what 
he calls the spermophore. In the case of Coniferous plants, he says. 




Kg. 784. Fig. 783. tig. 733. Fig,73S. Fig. 737- 

that the scales of the cone are not bracts {H 206), but carpellary 
leaves (Fig. 725), and that the axis of the cone is the placenta 
giving off ovules or buds at different parts which are quite free from 
the carpels. He considers the cone, therefore, as supplying an argu- 
ment in favour of his view of placentation. In the Tew, he views 
the ovule as the terminal bud of the axis. In the case of cone-bearing 

Mg. Tsa Plsdl of Madder (fiirWii), witli tho cmlji tobe adherent to the oraiy, and tu Umt 
appealing aa a rim nnmd the top of the ovaiy. TbeTe ue two ilylu and itlgmai. The ovary la 
InfFTiDT, and Iba calyx limb aupetier. 

Fig. 784. Fiail and calyx of Sailltage <Siii/ra^a), cut vertically, ihoirlng the calyx partially 
adherent lolbe ovary. Tbeovaiylehalf-lnterlor, andthacalyi half-iupeilor. Hie compoimd ovary 
ooDalata of two caipela containing nmnaronB ovolei. 

Slg. 786. Hsiil of the Eldai (SohIwou), with tbe ovaiy partially adherent to the lobe ot the 
calyx, and nnnonnted by three aesaile Btigmaa. The ovary li said lo be half-inferior, and the calyx 
balf^nperioT. 

Fig, 7S8. Ons of the carpel* forming the plaUl of the Strawbeiry ifYagaria cues). The carpd 
cantons one leed, and It hag s lateral atyle, t. The atyle iilieB team the tne ofgiuiic apex, ithlch la 
K turned roond aa (o appear on the elde of the carpel. 

Tig. T37. Cnl-DviUar carpel of Lady'a-manUa (AlchtPtiUa), irtth the atyle, a, erialng from the 
' m the organic apex irhlch li here 

CO Bchldden'i Prlndpleg of Botany, tnualsted by Linkeatar. p. 38^ 



,, Google 



PLACENTATION. 253 

plfints Buch as the Fir (Fig. 172, p. 72), aa well as in the CycoB family 
(Fig. 726), the OToleB are generally called naked, becanse they are 
not conndered by authors as being enclosed within a true pistil 
fluniBhed with a stigma. The scales of Conifers, which are either 
dry, as in the common Fir, or succulent, ae in the Juniper (Fig. 273, 
p. 121), are thus looked upon by Bome as bracts, and by others as 
expanded carpellary leaves, each producing a placenta at its base, to 
which the ovules are attached. The plants are usnally called naked- 
seeded (Oymnospermous). 

330. Marginal placentas are formed either by the edges of a 
nugle carpel (Fig. 688, p. 243), or by the edges of two contiguous 
carpels. The former takes place in apocarpous pistils (Fig. 680, p. 
241), and in syncarpoos pistils with complete septa (Fig 704, p. 247) ; 
the latter in syncarpons pistils with parietal placentas (Fig, 719, p. 
249). The placenta does not always bear ovnles throughout its whole 
extent. Sometimes it is ovuHferma (ovule-bearing) only at or near 





Fij. 738. 1^. 789. 

its summit (Fig, 727), or in its middle or at its base (Fig. 728). In 
such placentas, the ovuleB are sometimes reduced to one, as in the 
Common Sea Pink (Fig. 728), and in Composite plants (Fig, 542, p, 
208). The placenta, in some instances, extends from the margin of 
the carpellary leaves over the whole inner surface of the ovary, as in 
the Flowering Bush, in the White Water Lily, and in the Poppy 
(Fig. 729). The spreading of the placenta over the surface may give 
rise to the appearance of ovules proceeding from the dorsal snture, 
especially when that is the only part of it which hears ovules. 

Hg. 73S. TMnmemu flomr of Lidy'i-nuDtle (AlcAnmllii}. The plnil In th« centn iliam > 
Itj'lsvhlchloei Dot uise from (hs appKranl innuiiil of the uvuy, lbs point of xblch ^ iBCa pnjtwl- 
tns beyoDd the turd ring al the throat of the ulyx. Tbera are reor pBrta of the u^yx, uid four of 

tig. T3S. CilfT md plidl of the Comfrej (%«; tylim), cnlTcrtlaUy. The plndl coiulitt of fimi 
carpela. the ami« of which are tree, irhUe the compoimd atjrle eppean to eiln tnns the uli In 
Gonseqaence of being bullu, EHch owycoDtelna aslD^eovnle. Two ovahei have been runoThL 

i^g. liD. PlatU of CranoVbiU (Qeraniuin), conBUrtlas of five carpelA, attached by their etylca t<i 
a long beak-Ukfl pnlonEetion of the aula. The atylea oltlinately aepaniM from the uli, ai rnpre- 
lunted In the fignre, and the orarlea carl upwarda. 
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331. The carpellary leaves forming the piatil or Gynoecial verticU 
aj0 usually eesaile (Fi^. 741), but caaee occur in which they appear 
to be stalked, so as to raise the ovary. Such an occurrence may be 
considered as depending either on a prolongation of the axis support- 
ing the pistil, as seen occasionally in certain monstrosities of Boee 
(Fig. 426, p. 178) and of Geum, or on the union of the petioles of 
carpellary leaves. In the Pasdon-flower, there is a distinct stalk or 
gynophore bearing the pistil. The same thing takes place in some 
of the Caper tribe (If 231), aa well as m Lychnis (Fig. 697, p. 246) 
and in the Fink (Fig. 691, p. 243), where the stalk is short and thick. 

332. When the pistil is free in the centre of the flower, it is 
called sttperior, and the other verticils are inferior or hypogynons (Fig, 
731). It is often united to the calyx and the other whorls. When 
the adheraon between the ovary and calyx or perianth is complete, as 
in the Gooseberry, Currant, Madder (I'ig. 733), and Iris (Fig. 732), 
the ovary is said to be inferior. In such instances, the petals and 
stamens, which are attached to the calyx, appear to arise from the 
summit of the ovary, and are called epigynoua. Between these two 
conditionB, there are intermediate stages of adhesion, as in Saxifrage 
(Fig. 734) and Elder (Fig. 735), where the ovary becomes half-inferior. 

333. In certain cases, It has been supposed that the axis forms 
part of the walls of the ovary hy spreading out in a concave manner, 
in the same way as the expanded axis of Eschscholtzia seems to form 
part of the calyi. In the Rose, the axis becomes united to the tube 
of the calyx (Fig 425, p. 178), and is prolonged so as toform a hollow 
cavity or disk, on the inside of which numerous separate carpels are 
placed. 

334. The style is the prolonged apex of the carpellary leaf, and 
is not an essential part of the pistil. In some cases it seems to be a 
process from the placenta, as shown by Lindley in Babingtonia. It 
may, therefore, consist merely of cellular tissue, with spiral vessels, or 
it may also have woody tubes, and other vessels of the midrib and 
blade of the leaf entering into its composition. A canal traverses it 
(Fig. 683, (c), containing loose cells, called conducting tissue^ which is 
continuous with the placenta. The style (Fig, 741, «) is situated at 
the proper apex of the leaf {apicilar), but, by changes in the direction 
of the apex, it frequently happens that the style appears to be lateral, 
as in the Strawberry (Fig. 736), or even basilar, i.e., from the appa- 
rent base, as in Lady's-mantle (Figs. 737 and 738). In syncarpous 
pistils, the styles are frequently united, so as to appear single (Figs. 699, 
p. 246, and Fig. 741). When the carpels are placed round an enlai^^ed 
axis, so that their apices are united to the summit of it, the styles, when 
united, appear to come from the axis of the plant, as in many of the 
Borage order (Fig. 739), and in the Sage (Fig. 701, p. 247). The 
carpels are called in such cases gynobaaic. In the Geranium the styles 
are united to the prolonged axis or beak, from which they separate 
when the fruit is ripe (Fig. 740). 
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335. The style in its form ia generally rounded, but at times it 
becomes flat, like a petal, as in Indian-shot. In the Bell-fiower 
there are peculiar hairs on the style (Fig. 742), apparently connected 
with the application of pollen. The style in the pistil of Clematia is 
also hairy, so aa to render the fruit eawlate or tailed (Fig, 743). A 
style, apparently simple (Fig. 739), may be formed of several united. 
Frequently the divisions of such a style extend downwards for a certain 
length, showing the parts of which it is composed, and thus indicating 
the number of carpels (Fig. 692, p. 245, and Figs. 744, 745, and 746). 
But there are cases in which the style, proceeding irom a carpel, actually 
splits into two parte, becoming forked, as in Enphorbia (Fig. 747, «), 




This splitting is accounted for by the uircuntstance that the style is in 
reality double, formed of two sides of the leaf (Fig. 685, p. 242). 

Fig. 711. Syncirpoui piitll of Tobacco [NiMtiana Tohacum), consUtlnf of two nnlted carpeU- 
Tbe plgtll eihlbtu tbe compoimd ataxy ^ o, tbe \rta^ fltyle, «, and Uie capitate Btlgmaf gr Ttie CDd of 
the p^dnncla Is marked, r, 

Yig, 7*^- PlBtit or Bell-flotver {Carnpointta), comiatlDg of a compoiind ovAry, o, adherent to the 
calyx, a compouad style, >, wlUi tails od [ta anrfoce to collect (be pollen, uid a fire divided nlgnu 

Ftg. 7*3. One of the ciipeli fbimlng tbe ^sa of Tnveller'e-Joy (Clrmntii). Tbe OTaiy contains 
a alngle omle, and tbe style la feathery. The caipel baa been called caudate. 

T\g. 7U. at^rte of a Ugnlate flmrer of UIM^ l^iillta). It spUts Into tvo at Ita apex, bearing a 
■tigma on eacb dlvlalOQ. 

Fig. 71B. The idMU of Oi-eye (ChryiaalAiini,tii), oonaUtlne of ovary, o, adlieront to Ibe tube of 
the e^yx, and ■armooDted by tbe obsolete Umb of the caiyi, the style, f, splitting at its apex, a, so 
aa to bear two fUgDUitlo surikcea. There are bain on tbe divlilona of tlie style, and tnHa of hoirs at 
tbestlgmaa- 

Flg.746. PiMUorAspecIe>ofnidlui-fig(atclui), coniistiiig of a aiaipoanduTary,a, adherent to 
the calyx, a long style, (, which divides at tbe apei, bilo eovoral part* bearing stigmaa, J, 
. Fig. 717' Involucre of a spedei of Spurge (ErpkoTbia). cont^ning numerons male, and one female 
Hower. The latter uotiats of a trilociilar ovary, Bormounted by three forked styles, a. 
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8S6. The st%ina is a part of the purtil, composed of loose cells, 
which secrete a viscid fluid, and which ore oncovered by epidermia. 
This organ is either sessile on the smninit of the ovary, as in the 
Tulip and Poppy (Fig. 417, p. 175), or it is placed at the apex (Fig. 
741, g), or on the dde of the style. It may be said to be con- 
tinuous with the placenta, differing from it in not bearing ovules. 
This connection with the placenta is evidently seen in cases where it 




F1g.7S0. Fig. 761. 



can be traced along one or both sides of the style aa far as the ovary. 
Being formed like the placenta, it is essentially double, and sometimes 



ng.Tta Vertluliecll(inDfUi«aoirei<tflbeI(iKk-nw [HtlvmHtmum). 
dittaig of ■ DompDUDd omr, amtaliilDe ntunennu Drnla, md nmnoooud 
lliMil-Uke (peltHJ«) aUgniL Tbe lUmsnii «n IndofinltA And hypogynoEU, 



' H abort Etyla, u 



«wed wUh httn, and eiMblU ■ pemllu honr-glui co 

1m below. At tta bu« of tlie avaiy it a pecnUu dink, i 

ftg. 7S0. PUtUof theFuuy (flala M^bn-). Itoon 

Hi hooktd itlgma. >, with i nuAed hale, u npn«nt« 



q Id itfl mlddlA, wldi a lu^ drcoliir 
ovaiy, ityle, and a pcctiUar hooded 
m ia oovATlnga 4n dercJopfid. It 



coniliti of the nocleiu, », trbitb it thlg et^fs of growth la naked. His ba 
Itae noDTlahlne T«seb nit«, is muked eh. Thl> point i> odlsd ths ctaaluL 

Fig. 7fi2, Orthotropoiu or Orthotropal omle of Polygonmn. showing the Qnthrya tmc, i, in the 
nncleiu, n, the dlffeienC otoIht coTeiinga. the baae of the nudeni oi chaltixK, oA, and t2ie ap^x of (he 

Ttg. 7ia. The OTOle of the IDitleto (FUm lUhun). It condita of a naked niiclni*, at the qwi 
of whkh a dopraafllon appeals, ajul pltJmatelj a cavl^. whliA la the aae of the embTyo. 

Fig. TM The ovule of Celandine (CAiCiifgiuiui), ihoirtnc (be DOClava, n, pwUall; covered bj tbe 



fig. lie. The OTula of Fol^gonnm, with Iti nnclena. n, eovsed by tbe Inner co 
dine, and tbe enter eoat, p. or the prhnlne. Tha opeDlng In tbe BKnadlm, aid, If 
tome, that hi the prhnhie, >«, 1> (he eioetome. Tbe pohit of the nnclena Ii aeec 
foramen. The end by wblch the ovnle la attaded to (he platcnta li marked, /. 

Fig. TM. Ovale of the Walnut (Jtftani refia), with a dn^ coat, j, coveili 
Tbe fofwDen la maxked end. 
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shows a division on one side, as in Drosera and some Euphorbias 
(Fig. 747, 3). The half of one stigma occasionally unites to the half 
of that next it, thus giving rise to a peculiar abnormality in the re- 
lation of the parts. 

337. Stigmas in a syncarpous pistil are either united (Fig. G99, s, 
p. 24G) or free (Fig. 692, a, p. 245). In the latter case, their lobes 
or lamellae indicate the number of carpels (Figs. 744, 745, and 746, s). 
The united stigmas sometimes become large and orbicular, as in Eock- 
rose (Fig. 748), or capitate, as in Primrose (Fig. 699, J, p. 246), or they 
radiate along a shield-like body, as in the Poppy (Fig, 417, sti, p. 
175), In the Periwinkle (Fig. 749), the stigma is Covered with hairs, 
and exhibits a. marked contraction in the middle like an hour-glass, 
with a broad rim below. In the Nettle (Fig. 575, s, p. 216), the stigma 
is covered with hairs radiating trom a point, and is called penicillate. 
In the Violet (Fig. 750, a), the stigma has a hooded and hooked 
appearance. 

338. The name of stigma is sometimes erroneously given to parts 
of the style. Thns the upper petaloid portions of the style of the Iris 
(Fig. 732, sti/, p. 251) have been called stigmata, a term which ought 
to be restricted to the little slits at their apes (Fig. 732, sttg, p. 251). 
So also the umbrella-like stigma of Sarracenia is in reality an expan- 
sion of the styles with the stigmata at their edges. In some stigmata, 
as those of Mimulus, the two lamellte are irritable, and close when 
touched. In Orchids (Fig. 616, p. 228), the stigma is sessile on 
the common column (gynostemium), and appears iis a viscid space 
immediately below the anther lobes. 

339. Transformations of the Pistil are of frequent occurrence. 
They depend, generally, on abortion of a certain number of carpels 
and adhesions of various kinds. In the apocarpous pistils of Aconite, 
Nigella, Larkspur, and Pceony, we find on the same plant pistils com- 
posed of two, three, four, five, and six carpels. In some of the 
Brambles, Moquin-Tandon has seen all the carpels except one dis- 
appear, thus making the fruit resemble that of the Plum. In the 
case of Leguminous plants, there is usually only a single carpel, 
although the flower is pentamerous ; this state has been traced to 
abortion of carpels, a»d the view is confirmed by finding plants in 
the same natural order with more than one carpel. Thus, in the 
genus Diphaca there are two, SO also in Ciesalpinia digyna, while in 
AfFonsea there are five. The pistil of the Almond, Cherry (Fig. 
690, p. 243), Plum, and Peach, primarily consists of two carpels, one 
of which usually becomes abortive. Pistils of a succulent nature, 
such as those of the Sloe and Bird-cherry, sometimes assume the form 
of a pod, like that of the Pea. Occasionally stamens are changed into 
carpels, as in Papaver bracteatum, according to Turpin ; and at other 
times, as in Colchicum according to Gay, the carpels are transformed 
into stamens, and bear pollen. 

340. The Ovule is the rudiment of the future seed (Fig. 683, ov, p. 
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241), and in its early state it appears as a minute cellular projection 
or mammilla of the placenta. It \a anolagons to a bad produced by the 
edge of a leaf, as in Bryophyllum (Fig. 720, p. 249), or to a bud 
formed on a branch in cases where the placenta is axile. The cells 
multiply until the ovule assumes a more or less enlwged ovate form, 
constituting what has been called the nucleiu, or the central cellular 
mass of the ovule (Fig. 751). The teim nucleus must not be con- 
founded with the nucleus of a cell (Fig. 42, p. 22, and *^ 58). 

341. The ovular nucleus alters in the progress of growth, so as 
to he prepared for the development of the emhryo-plant in its interior. 
At the apex of the nucleus an absorption or obliteration of cells takes 
place, by which a hollow cavity is formed, which becomes lined with a 
thin cellular membrane (epithelium), and forms the sac in which the 
rudiments of the embryo first appear (Fig. 752, s). This embryo-sac 
is surrounded by a cellular layer derived from the nucleus (Fig. 752, n), 
to which the name of tercine has been given. In some instances the 
nuclear cells or tercine appear to be the only coverings of the sac, as 
in the Mistleto (Fig. 753). In most cases, however, other cellular 
layers are formed, which first appear in the shape of annular appen- 
dages at the base, and then gradually spread over the central mass. 
These ovular coverings are usually two, one next the nucleus, and first 
formed (Fig. 754, «), called the secundine, and the other on the out- 
aide (Fig. 755, p), called the primine. These two coats or coverings 
of the ovule are sometimes incorporated bo as to appear one (Fig. 756). 

342. At the base of the ovule, these coverings and the nucleus 
are intimately united at one point by a cellular and vascular process, 
called the ehalaza (Fig. 757, ch), where the nourishiog vessels enter 
from the placenta. At the apei of the ovule they leave an opening 
called the foramen or micropyle, through which the influence of the 
pollen is afterwards conveyed. This foramen extends through both 
ovular coats, the opening in the outer (Fig. 755, ex) being the exo»- 
tome (outer mouth), and that in the inner (Fig. 755, end) being the 
endostome (inner mouth). The foramen indicates the organic apex 
of the ovule, while the part connecteil with the placenta by means of 
the stalk (Fig. 765, /) called the funiculus or podosperm, is the base 

343. The relation which the hilum, the micropyle, and the 
chalaza bear to each other varies in different ovules. In aD ortko- 
tropoita or straight ovule (straight as regards its axis), the chalaza is 
at the hilum, and the micropyle at the opposite extremity (Fig. 752). 
In such an ovule the chalaza, cA, is at the base, and the micropyle, 
m, at the apex, and no curvature or inversion takes place either in the 
nucleus or in its coverings. In a campylotropoM or curved ovule, the 
chalaza is still at the hilum, but the whole ovule is bent upon itself 
so that the micropyle or apex approaches the hilum. This is shewn in 
Figure 758, which exhibits a vertical section of the ovule of Wall- 
flower ; the nucleus, n, is curved on itself, and so is the primine, p, 
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and secundine, * ; the chalaza, ch, is at the base of the ovule, and the 
foramen or apex is close to it. In an anatropow or inverted ovule 
(Fig, 759), an invereion of the nucleus, n, takes place, bo that ite base, 
ck, is removed to the opposite side from the biluni, k, or base of the 
ovule, and the mioropyle, / is so placed as to he close to the hilnm. 
In this case the chalaza, eh, is at the apparent apes of the ovule, and 
its connection with the placenta is kept up by a cord, r, called the 
raphe, consisting of cellular tissue and of spiral vessels. 

344, Some represent the anatropous ovule as simply an inverted 
orthotropons one, with an elongated funiculus, in the form of the raphe, 
adherent along the side. It is probable, however, that the raphe is 




also in part formed by cells derived from the primine and secundine. 
This view is confinned by the fact that the hilum in an anatropous 
ovule is not seen at the part where the raphe ends {Fig. 759, »), 
but at the part where it joins the placenta (Fig. 759, k). This 
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is, consequently, the true base of the o^nile. When the hilnm is 
placed midway between the micropyle and the chalaza, the ovule be- 
comes heterotropal, and m such cases it frequeutly happens that the 
funiculus proceeds at rig-ht angles from the ovule, so Ihat the latter 
becomes horizontal. Such ovules are considered by some as produced 
by a partial adbedon of the funiculus to the upper part of one side of 
the ovule. 

345. Anatropous ovules are very common in plants. They appear 
to be formed with the view of allowing the pollen tubes to reach the 
foramen easily, as will be explained under Embryogeny. Campylo- 
tropous ovules are by no means uncommon. They are met with in 
Cruciferous and Caryophyllaceous plants, in Mignonette, and iu the 
Bean. The orthotropous form is rare as a permanent condition of the 
ovule ; it is met with in a few natural orders, such as the Buckwheat 
and Rock-rose tnbes. 

346. Many look upon the orthotropous form as being the earliest 
state of all ovules, and refer the other forms to changes produced 
during growth. The campylotropous ovule of the Mallow is traced in 
Figure 760 through its various phases, irom its slight curvation, 1 
and 2, through its more complete curvation, 3, untU, by adhesion and 
other alterations, it assumes the forms shown in 4 and 5. So also the 
anatropouB ovule of the Celandine Is seen in an orthotropous state in 
Figures 751 and 754 ; the nucleus then begins to turn round, as seen 
in Figure 762, 1, and ultimately it assumes the forms exhibited in 
Figure 762, 2 and 3, the latter being its perfect state. 

347. Ovules vary in number. Sometimes there is a soUtary ovule 
in each ovary (Fig. 727, p. 251) or in each loculament, at other 

times there are several (Fig, 763). When the 

number is not great, and is uniform, the ovules 

are said to be definite, when very numerous they 

are indefinite. They are attached in various 

ways to the placenta, and their position in the 

ovary varies. When the placenta at the base of 

the ovary is the only part ovuliferous, then the 

ovule is erect, as in Polygonum (Fig, 761). 

When the ovuliferous part is above the base, 

**'*'■ and the ovules proceed obliquely upwards, they are 

ascending, as in the Pellitory, and if they are developed equally on 

either side of the attachment, they are horizontal or peltate, as in 

Grassula. When the ovuliferous part of the placenta is at the apex of 

the ovary, the ovules are pendulous, as in Valerian (Fig. 764), in the 

Ash (Fig, 765), and in the Mare's-tail ; when below the apes, they 

are suspended, as in the Apricot (Fig. 683, p. 241), in the Red 

Valerian (Fig. 727, p. 251), and in the Mezereon. In the Common 



.y Google 



THE OVULE, 261 

Thrift (Fig. 728, p. 251), and in Sumach, a funiculus estcnds from 
the placenta to the apex of the ovary, and curves downwards, cor, so 
as to suspend the ovule. When an ovary is multi-ovular (contains 
many ovules), the ovules may be all attached in the same way, and be 
placed either collaterally (Fig. 718, p. 249), or one above the other (Fig. 
763) ; or tbey may be attached in different ways, bo that some are erect 




and others pendulous. These terms apply only to the position of the 
ovule as respects the ovary, and they have reference alike to orthotro- 

Fig. Tea. SUgea in lbs dsrelopment of the miAltopiiiu ovule of CeUndlue (Clulidimiuin). Tbe 
SnI tno atagu ire aeeD in Ilgiim 7G1 end 754, at page IM, tli« remaining stagei are repreaented In 
Ibe preHTit ngnR, from 1 u 3. Tfaa piimloe, p, BCcnndlne, t, nucleqi, n, fbnlculua or umbilical 
cord, /, the chalaza. cA, the raphe, r. At 1 the ovule 1> aeeu irllh the nncleua allghUy turned, at 



□t vertically, shoning the BoUtory penduloafl oenle In 
I (FraxiaMj), with II solllajy anatiopena ovule pendu- 



iu baae. The apex of tbe imim li iodJcated by Ibe fomnen, m 
eipaoded cMpellary leaf. The ovide» are calloi naked, became tb 
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pous, campy lotTopuue, and aaatropous orules. Thus, an anatropous 
ovule may be either erect or pendulous as regards its position in the 
ovary. The same terms apply to the seed in its relation to the eeed- 

348C The position of the raphe in anatropous ovules has been 
esamined by Mr. Clarke, who gives the following arrangement : — 
1. Penduloua omlee, nith the raphe oext the placenta, which U the ordiaar; position of 

■natropal ovulea. 
3. Penduloiu ovules, nitb the raphe tamed away boat Ihe placenta, aa seen Id manj- 

Endogens, also hi Crowfoots and Peppers. 
3. Pendulous ovnles, with the raphe lateral, as seen in Che Malpigbia and Goosefoot 

orders, and m several genera. 
i. Erect OTulei, with the raphe next the placenta, which ia the ordinary occorrence in 

erect anatropal ovules. 

5. Erect avolee, with the raphe turned away fhHn the placanti, aa seen in Compoaite 

plants, in Peniea and Cslytrix. 

6. Erect ovules, with the raphe lateral, which ore very general in Eiogens. 

349. Some ovules are not contained in a true pistil, (, e., in a 
carpel consisting' of true ovary and stigma. These ovules are met 
with in the Cycas and Cone-bearing orders. In the former (Fig. 37, 
p. 21, and Fig, 89, p. 38), the ovules are arranged on the edges of 
metamorphosed leaves, and the pollen from the male flowers is applied 
directly to them, without the intervention of a stigma.* In the latter, 
the ovules (Fig, 766, ov) are covered by scales, eca, which are har- 
dened bracts 01 floral leaves covering the female flowers. In this case 
also the pollen is applied to the micropyle, mic, of the ovules, without 
the int«rvention of a stigma. 

350. Recapitulation of the general fects stated relative to the 
pistil before it becomes the fruit : — 

1. The pistil ia the central part of the Bower, and consists of one or niot« (bided meta- 

morphosed leaTes, called Carpels, which constitute the Gyntecium or female organ. 

2. These carpels are developed in the same way as leaves, and they agree with the 

latter in strnctare and arraogranent. 
9, Id monacloas, dicedous, and polygamous plants, some fioweis produce a piscn 
without stamens, and they are called PistilliferoDs, Pistillate, or female. 

4. The pistil is normally in the centre of the flower, and &ee or superior, all the other 

whorla being placed around it and below it, 80 as to be hypogynons. 
fi. The pistil ia often, however, united to the other whorls, more especially to the calyx ; 
it then becomes adherent or inferior, while the other whorls are more or less 
epigynous. 

6. A. Carpel is a leaf folded upwards towards the axis, and connsts of an ovary contain- 

ing ovules, and of a sfigma which is either sessile or supported on a style. The 
terms ovary, style, and sdgms, are applied either to the parts of a sin^ carpel. 
Or to the completely united parts of a compound fsyucarpous) piatiL 

7. The aligma and style always mark the organic apex of the ovary, even although th^ 

may be placed in a lateral or basal position as regards the apparent summit. 

5. Hie dorsal suture of a carpel corresponds to the midrib of the leaf, the ventral sature 

bearing the placenta and ovules to the united margins of the folded leaf. 
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9. PlacenUtioD is of two kindj^ muginal, i. e,, a develapmenC oT cellular tiuue along 
the Tentrsl satoie, or axile, i. e., a prolongation from tlie axis. 

10. Placentas are either ceatral or parietal ; and, when axile in their formadon, they are 

often free in the centre, aurroonded by carpcUary leavea. 

11. The individual carpels of which a pistil ia ori^nally formed, either continue separate, 

ao Bl to foriD an Apocarpous p^til, or they are united, more or leea, so aa to (nrm 
a Syncarpous pUUl. 

12. In an Apocarpous pistil the DDinber of carpels fbrming it is evident ; in a Syncarpous 

pistil their number ia delermined by connling the stigmas or styles when these 
are separate, or the number of localaments and septa in the united ovariea. 
IB. Sepia are ibnned by the united margins or laminn of carpellaiy leavea, and are 
therefbre vertical ; each septom being double. 

14. The pistil is more liable to change in the progress of growth than any of the other 

whorls. Its transformations depend chiefiy on aborUon or suppression of parts, 
degeneration, adhe^on, rupture or absorption of septa, folding inwards of tho 
ventral or dckrsal sutures, and development of the placenta so as to form spurious 

15. Ovules may be conddered as cellulsr huds on the margins of carpellary leaves, or on 

the floral axis. In the one view they are marginal, ia the uthei axile. They are 
attached to the placenta usually by means of a funiculus. 

16. Ovoles are compoaedofanuclens and two evident coverings called primine andsecun- 

dine, perforated at-i point, caUed the Foramen or Ulcropyle, which ia the true 
organic apex ot the ovule. 

17. Ovules are nourished by vessels from the placenta entering at the Hilum or base of 

the ovule, and proceeding to Che base of the nucleus either directly or in the form 
of a Raphe. The base of the nucleus where the vessels enter being the Chalaza. 
IS. Ovules are either straight or curved, and are divided Into Orlhotropal, Campylotropal, 
and Anatropal, the last being the most common permanent form. 

19. In practical Botany it is of importance to attend to the position oE the hilum, (bra- 

men, chalaza, and raphe of the ovules ; as well as to the poaitian of the ovules in 
the ovary, whether erect or pendulous. 

20. Ovules are usually contained in an ovary, and plants having such orules are 

Angiospermons. Somedmes ovules are not in a true ovary, and are called naked, 
as in GynmoflpermouB plants. 



351. The Fruit is, properly speaking, the pistil arrived at maturity, 
containing the ripe eeeds, in which the embryo plant is developed 
(Fig. 767). The rimpJest form of fruit is that formed by a single 
carpel, enclosing one or more seeds {Figs. 768 and 769). It often 
happens that changes take place by which some parts of the carpel 
are rendered succnlent, and then, in place of a dry fruit, there is pro- 
duced a fleshy one. This is well seen in the case of the Peach (Fig. 
770), in which the outer epidermal covering of the carpel forms what 
is called the skin, the parenchymatous cells of the mesophyllum con- 
stitute the Jk$h, and the inner epidermis of the carpellary leaf is 
changed into the stone ; the kernel being the ripe seed containing the 
embryo plant. In the Coco-nut, in place of fleshy cells, woody fibrous 
ones are produced ; the outer layer of the husk representing the exter- 
nal epidermis of the ovarian carpel, the fibrous portion being the 
parenchyma of the carpel, and the hard, shell being the inner epidermis 
of the carpel enclosing the seed and the embryo. 
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352. As in the case of the pUtil, bo iu the fruit, the carpels com- 
posing it may be distinct or united. When the fruit consiate of a 
single ripe carpel, or of several separate and distinct carpels, it is said 
to be apocarpous or dialycarpous, as in the Pea (Fig. 769), and the 
Carob-tree (Fig. 771, 6}, where there is a single carpel, and in the 
Ranunculus (Fig. 694, p. 245), and Columbine (Fig. 772), in which 
there are several separate mature carpels. When the mature carpels 
are combined, as in the Poppy (Fig. 417, p. 175), and in the Epilohium 
(Fig. 773), the fruit ia syncarpoua. Sometimes the mature pistils of 
several flowers are incorporated into one hard or succulent mass, as in 
the Cone (Fig. 353, p. 150), in tlie Mulberry (Fig. 774), and in the 
Fig (Fig. 3G6, p. 154, and Fig. 775), and in these instances, what is 
commonly called the fruit, consists, in reality, of a great number of 
fruits united together. Such iriuts are called collective or multiple. 



353. The fruit may be formed not merely by the pistil, but also 
by other parts of the flower united to it, more or less completely. 

Fl£. jfl7. Fmit of (I apedcs of Dock {Riimri), cut verUc 
dry (Vidt. called an Acbone, ot AchEDlam. Tbe outer pv 

UUnlDff tlie seod. with iU covoliigA. The twd conlalna nounahloe matter. (Hied aJDnoieD or 
parilparm, alb, and the embrs" plant, pi, with ita cotyledoni pohitlnf downwardfc and Ita radicle 
upwardi. The seed Is crthotropal, and the embryo la luTertcd. At the appar part or the pericarp 
two of the styles and fltigmaa are Been cnrving downwarda. At the hasc, part of the perlentb Ig 

yig. 76B' AcdisiilmD of Crowfoot {Ranimcuhtf)- A ilngle-eeedcd seed-Tcsael with the pericarp 
applied cloaely to the leed. Sdcli fruits reaetable Heeda In appearance ; the atyle and aUgnta, s, 

T\e. 769, Legnme of the Fea (Pisum taliciimj, conBietlng of a ^gle caipel mlved at nutority. 
and containine DnmeirHii leeds (polyapaTmoua}. The pericarp coDaiata of eplcaip, or aiocajp ep, 
and endocarp. eii- The aecda. or, are attached to the placenta, pi. by meuu of the cord or funiculus. 
/, The Le^iune opens by the ventral and dorsal suture. The placenta, pt, ti douhle, and nins tUoafr 

neen, and at the base tbe calyx. 
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Thus, in the Apple, Pear, Medlar (Fig. 776), Grooseberry, Currant 
{Fig. 777), and Melon (Fig. 490, p. 197), the calyx is combined with 
the pistil ; ia the Hazel-nut (Fig. 361, p. 149), the Acorn (Fig. 350, 
p. 149, and Fig. 778), and Chestnnt, bracts form the husk, tlie cup, 
and the bmr ; in the Rose (Fig. 503, p. 199), the receptacle is enlarged, 
and covers the pistil. Occasionally the fruit seems to consist not 
merely of a number of rows of transformed leaves, but of a transformed 
branch in addition, A good illustration of this occurs in the Chinese 




tree, called Hovenia, whose fruit consists of a swollen fleshy fruit- 
stalk, which is succulent enough to be eatable, and of a hard dry un- 



HUtva). The leBves u 



n Lake i 



g biandi, a, uid frnit, b, of Die Cunb-trEB (Ceralonia 
a Lf^^ome. dehl^Hng by Ui« Ttntral and dorsHl BDtui 
, la formed by a single Enatuie cupel- The mo Is ca 
6, Iho word Sirali, 



tbe poda of lbl> tree lopplled food to Jobn the Baptist, udlieoca tbe tree bu been called St. Johu'a 
Bread, and LocuBl-ticB. Tie dried pode are at Ibo present flay used as food tor horeei and cattle. 

F%. 773. ApocarpoDS ftidt of Coliunblne {Aquilegia ntlfiruj, con^tlcK of Bve separate mature 
carpels, vUh atylea and itlgniaa. 

FiK. 773. Syncai^joae fruit. /, of WUlow-berb iEpilobmi), coDBlsUng of four carpelB united lo- 
getber, fonaing aqnadrUocnlarfcnit, wlUi numeronscomose (buiry) seeda. The aeed-TeBBEl is adherent 
u [be tube of tbe calyx, and Uie Umb of the lattar ia euperior, n-hilo the fruit la Inferior. Tbs ata- 
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eatable capsule, formed in the usnal way &om modified leaves. In 
the Pear-tree peculiar tranaformations sometiines take place, hy which 
the end of a branch has a tendency to become fruit.* Some suppose 
the hep of the Rose to be the Iiollow end of the axis or branch, with 
leaves above it. 

354. By ascertaining the anatomy and structure of the pistil, we 
are led to a knowledge of the nature of the fruit, and we are enabled 
to see the changes which take place during growth. These changes 
depend on increase of the parenchyma, adhesion of one part to another, 
obliteration of loculamenta or of ovules, and the development of addi- 
tional processes or partitions from the placenta, and from other parts 
of the pistil. Thus, the Coco-nut in its young state, is formed by 



three carpels, each containing a single ovule, while in its mature con- 
dition there is only one loculament and one seed. In this case the 
partitions between the carpels are obliterated, and one ovule is de- 
veloped at the expense of the other two. These changes may be 

tig. T74. Fruiting bruicb of the Black Hulbwr}- t^enu n^ra). Ihel^fniit <> BiithDcarpone, or 
coUcctlTe, coiulitliiK Df the OTxrlei >ad envelopea of numeRKIB flowers. Halted Into one succulent mass, 
li la quite dltt^renl In itructure ftom the Ruepberry, The leaiee ire reticulated, eordalc, and serrate. 
The tree aeema to be the Sfftaminrit of the Qreeka, traaslated Sycamlne-Iree In Luke ivii. 6. 

Fig. 776. FralclngbranchoftheSrcamore.FIg lA'iMuSycaniDr;;!). The fmil 1i mithocarpoui, or 
collective, cenalstlng of a fleohj hollow receptacle, en which nomerous flewera are arranged. These 
flowera are seen on catting open the (hdt vertluUj-. Whet are called seeds In the Fig ore In reality 
■Ingle-aaeded fruits. The pUol la the ahikmolh or ShUtaitm of the Bible, translated Sycmnore {1 
Kings I. ST: I Chron, ixTlL 3S; SChron. 1.16; Fs. Iiivlll. 17 ; Ii.li.10i Amos tM. Hi end Lake 
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traced on carefiil examination ; and even in the ripe fruit indicatione 
of them are seen in the markings on the shell. In the Hazel-nut and 
in the Acom (Fig. 779), the joimg pistil is formed of three carpela, 
with two ovules in each, as seen in the Figure, but in the progresB of 
development changes are induced hy which the fruit becomes one- 
celled and one-seeded. In these cases a trilocular sex-ovular pistil 
becomes a unilocular and monospermic fruit. In the Ash (Fig. 765, 
p. 261), the Elm, the Beech, and the Horse-chestnut, similar changes 
are produced in the pistil by the abortion of ovules, and the oblitera- 
tion of divisions. In the Thorn-apple the pistil is formed of two 
carpels, separated by a septum (Fig. 711, p. 248), while the fruit 
exhibits four loculaments {Fig. 712, p. 24S), produced by prolonga- 
tions from the placentas, forming a spurious septum in each carpel. 
Changes of a similar kind occur in the fruit of Petrsea, and ij 




Mg.7T7. Eij, 776, Fig. 778. yig.179. 

pods, such as the Cassia Fistula (Fig. 705, p. 247) and Astragalus 
(Fig. 710, p. 248). 

355. It sometimes happens that the receptacle or peduncle becomes 
succulent, and is called the fruit in ordinary language. Thus, in the 
Strawberry (Fig. 781), the true fruit consists of small single-seeded 

¥\g. 770. Fnlt at Uie Medlar (ifapHia gcrmanica), otmsleting at five carpets, unll«d togelbei bjr 
Dieaiuotaflah7iium,BiidBdlicrcDtlot]iecilyi,whlc]ifiinD9panoftli«frull. Tbewithersd lloib 
of the calyx it seen at the upper part ot the sjncarpoue tnit or pome. The aeeda are cajildlfled In 
ttoay cavaiiagg, called nncules, and henca the fruit has sometimes been called a Duculanlum. 

Vig. 777, Ra«iDe or cluster of red Comntfl (Ribea mhrutn), Eacb fruit Is a berry fbacca), with 

seede are InnDefvad !□ a pulpy mass, and are attached at first to parietal placeotaa, 

Yig. 77S. Acom, or fruit of the Oak lOvfrcFU), coD^Hthig of the ovary cont^uhig a alngle aced, 

KkT " 

during the progress of gronCb, » 

In^ the OW7 th^ maas of brj 

ng. 780- Ftoil of the Tei 

which Li Ibrmed by ■□ccoleD: 
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(monospermic), dry seed-vessels (commonly called seeds), scattered 
over a succulent convex receptacle ; in the Rose, the true fruit oonMsts 
of similar seed-vessels arranged on a fleshy concave receptacle (Fig, 
504, p. 199); and in the Fig (Fig. 782), the true fruit consiets of 
monospermic seed-vessels produced by separate flowers, and scattered 
over the inner surface of a concave succulent receptacle (Fig. 366, p. 
154). In the Cashew, the nut or true fruit, is borne on a coloured 
succulent stalk, which enlarges during ripening. 

356. In the interior of some iruita a pulpy substance is produced, 
apparently as a secretion from the inner lining of the ovary. This 
kind of pulpy matter is met with in the Gooseberry, Currant, Grape, 
Orange, and pod of Cassia Fistula. Occasionally the organs adjacent 
to the pistil become the succulent parts of the frnit. In Strawberry- 




Blite, the calys surrounding the pistil, and separate from it, becomes 
red and juicy ; in Gualtheria procumbens, the free calyx, after flower- 
ing, becomes red and succulent, surrounding the true fruit which is 
dry. In the Yew, the bracts enveloping the seed (Fig. 782, c), be- 
come succulent. 

Yig.lSl, Tlie fruit of tbe Stcawbeny (Rvgarie ^caai). coDdatlngof tbe eukrEed auccDlmt »- 
upUde^ or growlii^ point, buriDg on in ■uif 
■clieQe luu B fltj'le uid etlgmii, and is Uidb st 



F1«.H 



. Ftnldng branch of tb 



Flgtn 



(Pia, 



'aricai irlUi lU palmst^ly-lobed letiTca. Tbe 
^oeral peduade. encloBln^ nonjerooa flowtw 

wUch produce uheiies. It Is the Teenah of Scripture (Gen. 111. 7; Doul. vlli. 8; 2 Klngi ii. 7; 

Fitdm CT. S3, io!.) 

Fig. TS3. Fruiting braucli of tbe Breid-frnlt, tree {ArtMorpua tncuD), with lt> luge plimUI&l 

leaver. Tbe fruit, b, u AathoGArpoufl, Hnd conHlata of nmnorouB fem^c flowers unilHl togetber so 
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357. The friiit, generally speaking, consists of the seed-vessel or 
Pericarp, and the Seed. It cannot be said to be perfect unless the 




seed and embryo are produced. In many cultivated fruits, however, 
the seeds are abortive. Thus, in the case of the Bread-fniit (Fig. 



F<g. TSG, Drupe of UieChen; {Citana), cut vertlcoU; . shoirinE ttae 
V mewKBjp. "". ^^ the etone. patunen, or endocurpj «n, eodoring Ih 

Flg.TSS. TheOultorUielliitS'Piilni (PAmuzAictyii/erii). 1, A cli 
rtlch ort^nnlLy endoSBd Ihem. 2, A eollection of flowen of Uia Dat( 
4, VerUcal HcUon of a D«1o. ehowlD^ eplcarp^ or til 

17 portion, and emtocvp. or 






'; Ftalm 



Vi\l.'Iff!. FrnlC o( FOmllory (^nc 
Tig. 783, Fruit of the Fieony (JVunial 
intun, and denomlnBted Follicles. Eicb follicle contilni tevsni 
lutura. The puta of the calfi. c, m IhIdw Che fruit- 
fig. 789. Fnii(ofOiflFlgiirort(*yo}i4u(ariD),dchlsdngb)rtw 
llg. 790. Fruit of the aaitlan (fim«a«a), deUBdng hy two • 
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783), Banana (Fig. 784), and Pine-apple, tiie beat fruit is seedless, 
and such iB often trne of the Orange and the Grape, The Pericarp, 
in its simplest state, representa the carpellary leaf, and, like it, can 
be separated into three parts ; the outer epidermal covering called 
Epicarp, or Exocarp (Fig. 785, ep) ; the middle parenchymatous 
portion, called Mesocarp^ me, and when succulent, Sareooarp ; and 
the inner epidermal covering, en, called Endocarp, and when hard 
and stony, Putamen. These three coverings are well seen in the Peach 
(Fig. 770, p. 264), and in the Date [Fig. 786, 4). In their original 
structure these parts correspond with the lea^ but changes take pla^e 
during ripening, by which some cells are hardened and others become 
succulent, and thus the resemblance to the leaf is much obscured. 
That succulent fruits, such as the Peach, Apricot, and Cherry, are to 
be regarded as altered carpellary leaves, is shown in the case of the 



double Cherry, where true leaves occupy the place of the fruit (Figs, 675 
and G76, p. 240), Mr. WyvilJe Thomson mentions instances of the 
common Sloe and Bird-Cherry producing red coloured follicular pods.* 
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In many finite, as in the Nut, the different pericarpia! layers are so 
blended that it is not easy to mark their separation. 

358. Some fruits fall without opening or dehiscing, the seeds being 
liberated during the process of decay ; such fruits are indekiscent (Fig. 
787). Other fruits open or dehisce in various ways, so as to scatter 
the seeds, and are called dehiscent (Fig. 788). The dehiscence takes 
place either in a vertical or in a transverse direction ; the former is 
the usual mode. Yertical dehiscence takes plaee through the sutures, 
or by the separation of the parts of which a syncarpous fruit is com- 
posed. The separate parts are called valves. These valves are well 
seen in the Horse-chestnut (Fig. 791). In fruits formed by a single 
carpel, the dehiscence occurs either at the ventral or dorsal suture, or 
both. Id the follicles of the Preony (Fig. 788), the Columbine (Fig. 
772, p. 265), and the Marsh Marygold, the dehiscence is ventral; in 
Magnolia grandiflora, the dehiscence is sometimes dorsal ; while in the 
pod of the Pea (Fig. 769, p. 264) and of the Bean, it is both ventral 
and dorsal. 

359. When the fruit consists of several carpels united, or is syn- 
<;arpous, the dehiscence takes place either by a separation of the 
constituent carpels through the dissepiments, and in that ease is septi- 
cidal, as in Figwort (Fig. 789) and Gentian (Fig. 790), where there 
are two valves, in Meadow-safiron (Fig. 792), where there are three 
valvffi, and in the Fig-Marygold (Fig. 793) and the Rhododendron, 
where there are five or more valves ; or the dehiscence takes place by 
the dorsal suture of each carpel, and in that case is loculiddal, as in 
the Iris (Fig. 794), the Pansy (Fig. 795), the Lily, and the Horee- 
chestnut (Fig. 791). 

360. There are modifications of these kinds of dehiscence. Thus, 
in the septicidal form the valves, on separating, sometimes carry the 
placentas with them, as in Gentian (Fig, 790), and Colchicum (Fig. 
792) ; at other times, the placentas or placentaries are left attached t« 
the central axis or columella, as in Rhododendron. In the case of 
Hiira and Euphorbias (Fig. 796), each carpel, or coccus as it is called, 
separates from the columella, carrying with it an enclosed seed. In 
the loculicidal dehiscence the dissepiments may remain attached to the 
middle of each of the valves, and separate along with them, or the 
septa may adhere to the axis, and allow the valves to fall off withotit 
them, as in the Thorn-apple (Fig. 797) and Purple Convolvulus. 
The latter kind of loculicidal dehiscence is called septifragal (break- 
ing off from the septa). In some cases the dehiscence is at first locu- 
licidal, and afterwards the carpels separate from each other in a septi- 
cidal manner. This imton of the two kinds of dehiscence is seen in 
some Spurges, in the Castor-oil fruit (Fig, 798), and in the Purging 
Flax. These various kinds of dehiscence are illustrated in diagrams 
799, 800, and 801, which represent a dehiscent penta-carpellary fruit. 
In Figure 799, the dehiscence is septicidal ; the five carpels, I, separate 
by dividing through their septa, s, and thus the fruit is split into its 
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component parte, the placentas either being attached to the edges of 
the valves, or remaiDing united in the centre to the columella. In 




Figure 800, the dehiscence is locnlicidal ; the carpels,'/, split at their 

Ftg. 7M. Ilie •wd-T«aa«1 or capink of lbs Flower d« Lace (/ru),openliiKlDaliicDliudalmuiner. 
Tbe three valrei bear the sepLa In the ceacre, Hod the openlsir takes place thnugb the bade of the 
lDcnilanient«^ Each valva is f)>rmed by the halvea oTcontl^oua carpela. 

Rb- !». The eapjqle of the Puiiay (Fiola Iricslur}, opmlng bj itaw valvea hi a locnUddaJ 
maimer- ThepUrencaaandeeed^areplacedoD the middle of the valvea- 

F)g. TW. Tranivene lectlon of the tiicmxow tmlt of the Spurge (Eujihiirbia). It Is fonoed by 

manper. «ich carpel encloilng a ^^e seed, Tbe fruit la lometlmei called a Regma. 

Fig. 797. Fmit or capsule of the Thorn-Apple {Datura Stranurrtiian'i, dehlicUiB b; tbur valvea, 
which separate in a septlfragal manner, LeavlDgthedlaBeplnientaln the centre- The valvea are apiny, 
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dorsal BQture, f. e., throngh the back of the loculameaW, and the septa, 
a, remain attached to the middle of the valves, the placentas being 
usually attached to the ruptured septa. In Figure 801, the dehiscence 
is the variety of locnUcidal called septifragal ; the carpels, I, split at 
their dorsal sutures, but the septa, s, in place of being attached to the 
middle of the valves, are left united to the axis with the placentas. 

361. In Orchis, the placentas, as represented in Figure 719, page 
249, are parietal, and the seed-vessel opens by three valves (Fig. 
802, r), which are placentiferous in their middle, but the midribs of 
the three carpels remain united at their base and summit, and the 
withered floral envelopes, e, are seen attached at the apes. In the 




pod of cruciferous plants, such as Wallflower {Fig. 803}, Whitlow- 
grass (Fig. 804), and Shepherd's-purse (Fig, 805), as well as in the 

lig-eoL s 



Hl-VMBel of ui Orchid (OfthUy, optnhig by thne ybIth^ o r, wtalcb bear 
ua leeOM u uieli middle. The midrib* of tlie cirpeli remiUji imll«d at the bue and a 
rUbwcd Sonil eDTdopCfi, e, am b«91 AtUched At the aper. 
Fig. 80S. Sltlqni or ned-veHel ot WaMower (CMnalSia Cktiri), openlag by 
'bfd 1^3 the placeDtaa Ed 
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Fig- SOC, SlllcolA Df ShApherd'H-pnne iCapitlla Buraa^attorit}, opeDlng by two To 
haped valvoa. which ipUt ftoxo below apwards, leaving tbe narrow parietal platsntoa in 
lolted by a tana orreplimi. Tlie aeeda aiv attArlied to the placentu on eltb«T aide. Hi 



fig. em. Seed-TtHel or cajMule uf G 
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Fig. eoe. Capanle of Poppy (.Paparer 
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pod-like fruit of Celandine (Figs. 806 and 809), two ffalvee separate 
from the base upwards, leaving the parietal placentas united together 




df 



■ 



i^ 



\ 



by a cellular frame or replum, which is either entire or perforated. 
In vertical dehiscence the splitting sometimes takes place only at the 



oDdln^ to ihe opper cupel, and tl 



Flf. BIO. Cipaole of FrogsnogUi (.1 
■n uofdly tw« oriflHi, 
gl;^ aud Btlgmi, (. ue 

Kg, 811. Beea-Yowel of MIgoonrtt 
Mcdi BxpoAcd. Thil opening talus pL 
iHge, Tbe >«d8 Bie Hid (a be Hmlnade. 

9^i. SIS. Rowei of BcU-BDwer (Campanula), irlUi Ibe M«d-Tenel, a 
Tha Beed-TOtel optnt Utenll; by lUu ibrat^h tbe onry ind cilfi. 

Hg. 81S. S«d-T«uelof Henbui«4^y«cyaHiMn^fr),openlDgbyclrciiii 
l^per part of 1b« se«d-T«Hl coidvb ofT Is tbfi n>nu of a Ud, and tba capanlo 
called Pyila or PyiSOIiini. Tbe traiuTene Uiw of deUBDenis may be conali 
tbe artlcDluiona orjolnUid mipellary leaTia like those of the oraigB— the 1o 
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apex of the frnit, Bo that the eeed-vessel opens by teeth, as in Campion 
(Fig. 807), and Mouse-ear Chickweed, or by pores, as in the Poppy 
{Fig. 808), or by rupturing, as in Frogsmouth (Fig, 810), or by one 
large onQce, as in Mignonette (Fig. 811). In the Bell-flower (Fig. 
812), the seed-vessel dehisces in a loculiddal manner laterally, or 
near the base, 

362. Transverse dehiecence is of rare oociurence. It is seen in 
Henbane (Fig. 813), Pimpernel (Fig, 814), Purslane (Fig. 815), and 





in various species of Monkey-pot {Fig. 816), in which the upper part 
of the fruit separates like a lid. This is called cireuraaciaaile de- 
hiscence, and seems to indicate that the seed-vessel in these cases is 
formed by jouited leaves which separate at the articulatdons — the 
united petioles forming the lower part of the fruit, and the nnited 
laminte constituting the lid. 

Different kinde of Fmit, otitJ explanaticn of Carpologked Termt. 

363, A classification of fruits onght properly to he founded on 
a consideratioii of their original formation, and of their anatomical 
structore in tlie early state. This is often puzzling to the student, 
inasmuch as it requires that he should trace the fruit during its dif- 
ferent stages of development By so doing, however, he is enabled to 
observe the various changes which take place by absorption, oblite- 
ration, adhesion, and diviaon of parts, and he is in a condition to 
explain many apparent anomalies. Thus, in the Coco-nut, he sees 
that there are at first three loculaments and three ovules, but as the 
fruit ripens, two of each of them disappear, and finally only one 
remains. The three ridges, however, which remain on the endo- 
carp, are at once explained by a reference to the early condition of 
the nut. Such is the case with many fruits, the structure of which 

Fig. 814. B«d-vcaKl of tlH Scarlet Plmpemel (^agatUi arttntii), opening b; tiuiBveru or 



Ilg. 816. Seed-v«Hl of Pniilane {Pnr^iitai). opening by tmurane dehlar 
> Frxldlmn or operculate Oreille. 

FlE-Ste, I'lnlt (pjildiom) orihe UDnke;-pot (£<eyf Aif oHaria), opBoing b; 
or drcnnw^Hile, and Uie ca-paule la opercnIUe or lldd«d- Tbe ao 
rellabed by QDDkeTa, irhfch an Dft«n entrapped when UUngtlK 
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would be obscure witiiout a knowledge of the morphological alterataooE 
which have taken place. The names applied to fruits have a reference 
chiefly to their fully developed condition. 

364. Without attempting to give a rigorons and minute definition 
of Carpological terms, which have been multiplied to a cumbrous 
extent, we shall merely expl^ some of those which are most fre- 
quently employed, arranging them according as they refer to fruits 
formed by a single separate flower, and which are called Simple ; or 
to fruits formed by a combination of numerous flowers, and which are 
called CoUective, Multiple, or Antkocarpow. 

365. Simple Fmiu may conBist either of a single mature carpel, 
or of numerous separate carpels, arranged in one or more rows in a 
circular manner, on flat, convex or concave receptacles. They may be 
formed not only of the pistil but of the other parts of the flower 
united to it, and they may either be dehiscent or indehiscent, dry or 
succulent, 

366. A Follicle is a fiuit formed by a single mature carpel dehi- 
scing by the ventral suture (Fig. 817). The fruit may consist of a 



single follicle, as is seen occasionally in the P(eony ; more commonly 
it is formed by two (Fig. 788, p. 269) or more sepwate follicles 
arranged in a circular or spiral manner, as in the Marsh Marygold, 
Columbine (Fig. 772, p. 2G5), Larkspur, Aconite, Hellebore (Fig. 693, 
p. 245), Spiriea (Fig. 681, p. 241), Asclepias, and the Tulip-tree. 
In some anomalous follicolar fruits the opening tekes place by the 
dorsal suture. 

367, A Legume. This ia commonly known by the name of pod, 
and is well seen in the case of the Pea, Bean, Lathyrua (Fig. 818), 
Tephrosia (Fig. 819), Acacia (Fig. 76, p. 33), Lentil [Fig. 251, p. 
115), and Carob-bean (Fig. 771, p. 265). It consists of a single 
mature carpel dehiscing both by the ventral and by the dorsal suture 
(Fig. 769, p. 264), so as to separate into two halves. This kind of 
fruit is characteristic of the Pea order, which has hence been caUed 

Hg. 817. Fdlfclo of Colombio* {A^ttOtgia vul^arit), oomlitliiB of s aliigla polT^wnnal owpel, 
opeidng by thq ventnJ luCore- 

Flgr. SIS. L^DinoorpadofaUndofTetcta (L 
dehlnrfng bjr ttie yenlnd and donul ntorei. Thi 
ttaa bus of the hdt sie wwd [be cidyx, c, and the 
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Leffummoiia. There are some anomalous legumes met with. In the 
Cassia or Cathartocarpus Fistula (Fig. 820), the legume has the 
markings of the sutures, but they are firmly united, and do not open 
so as to scatter the seeds ; moreover, there are transverse partitions 
of a spurious nature from tie inner walls dividing the pod into dngle- 
seeded cells containing a pulpy secretion in their interior. Indehiscent 
legumes containing one or more seeds, are met with in species of 
Daibei^ia, Arachis, and Pterocarpus. 

368. In some species of Acacia and Sainfoin (Fig. 821), in Bird's- 
foot, and in Sopbora tomenlosa, the legume is also indehiscent, and divi- 
sions between each of the seeds are formed by transverse foldings, 
embracing the whole thickness of tlie pod. This fruit is called a lomen- 
taceons legume or a lomentum. It is sometimes called a moniliform 
pod. When mature, it separates into pieces, each of which contains 
a edngle seed. Some moniliform pods, as in Acacia arabica, are dehi- 
scent. In some legumes, a spurious division is formed in a vertical 
manner by a prolongation from the placenta, or by a folding inwards 



Fig.ais. Fig. BW. F^.eai. i'it.ina. Fig. 828. 

of the dorsal suture {Fig. 822). In Lucerne, the legume is curiously 
twisted, and becomes cochleate (Fig. 823); in Scorpiums, it is revolute 
and somewhat spiral; and in Colutea, it has a leafy and inflated 
aspect (Fig. 824), whence the plant has received the name of Bladder- 
Senna.* In some legumes, the outer portion or the esocarp (epicarp) 

Tig- B19, Lcgumfl ot a ipedea of TephroiiA, frequenlly (bmid In odolteniMd Mmia, 11 dehlBcen 
by the Tential and ianal nitnre, imd the seedg ure attsdwd U the rormur. 

Fig. ffla PecnUuindefatHentand paTUdonedlegDmeoTiUndofCaBililCuiiiiur (7alt<iplsait;u> 
Fislula}, TheButnresaremarkedalonBUieaidMof thepocti but they do nol opM. The seads ■« io 
npuale cadHes, hnmened in pulp. irhkhlaaHcntlonfniDtbesndi>nrp,orliuierUnii]eortbe pod. 

Fig. 831. LomenlDm or lomedtHoeoni legnme of a gpedea of SalulblD {BtdDianim). Each seed 
is coQtslned in a separatfl cavity try the folding inwafdA of tbo walls of the leguma at equal Interrala ; 
and the iFgomB, when rtpe. separat« tnnBvoraely ialo ^ngle-ieddcd poitiona 

Fig. SXk Leguma of UUk-vetcb (Aalrtigalatij, which \i ipnrionaly bUecolat by Uu feldbig 
Inwardaoftha doraal BUtore. Tba legmne 1» opened tnuiBrerBely to ibow the partition. 

Fig. Sis. Sphnl or cochieale legume of Lac«iie {ilidiaigo). It !• cdled up in s bellcoid or 
cochleai manner, and vhen the eoaiolutioni an Tory cloie and appressed, it la difficnlt to detaimioe 
ita iegominona cbarHcter. 

' For a Alii account of the different kloda of Legnmes, wltb flgnreB, we Ralph's Icooes Caipolo- 
gkK. Part I, LeguminoAA. 
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separates from the endocarp, which etill Temaios coTering the eeeds. 
Such pods are seen in some species of Entada, and they are called 
spuriously dehisceut. The number of seeds in the legume varies. 
Some legumes are monospermal, as Gleditschia monosperma, Gkiurliiea, 
Voupa, Dipterix odorata, Geofiroya superba, Erythrina monosperma, 
and Copaifera officinalis. Others are dispermal or trispermal, as some 
species of Bauhinia, Dalbergia, Pterocarpus, and Arachis ; again, in 
Cassia Fistula, the seeds often amount to nearly 100. In some inde- 




hiscent monospermal legumes, as Detarium, the coverings become 
succulent, so that they are really drapaceons, thus establishing a 



Fig. S34. Inaatcd or Bladdery legume of Itie Bladdu-HDns (Colutea 
nuioi iu lea^ appstmiDce, and lu walli are not sppUed doeely to tlw eeedm 

Fig, 82G. SUIqna of Wallflower (.Chtirimlliua Cheiri), oimpoied of two, or, u ume uy, fOiu 
cupeli nDlted, It opens by tno nlTes nhlcll HpUHle ftom below opwurde, Tbe plusntu in 
puletBl, and ore left united by a cellnlai frtuDO or rqilom, when tba taItm Hpante. Ilie leedi are 
BttBdKd iloDg each marglii of Uie illiqna. Tbe style. My, uid the itlgnia, itig, remiiB attached to 
Ihefnat 

Fig. fSt. FMtlng branch of the ShepberdVporse (CapteOa Buri^-failerit}. Tb» fruit 1e ■ 
slUcidA, or abort pod, o^npued of two or fonr f^rpelfl, openli^ by two TjjTflB, which Hpante ftotn 
below opwirds. Tbe pLacentea an left In the middle, aolted by a apnrlooB lUnepimvit or nphun. 

Fig. S37. SUicnla of Ow Scnrvy-gmeB {Coffhlnaria afficinaUt), opening by two conTei Talvea 
whkb uparate from below upwards. Tbe eporloTU eeptuoi or phragma Is broad (MJMptm). 

FIg.SSS. Sillcnla or poodi ef Shepherd' »-pDrH iCapseiia), opening by two folded Talrea, which 
eeparala from below upwards. The phngma 1b narrow (angnjitlaepta). 

Fig. em. Fecnllar indehlacsnt lUlqiia of the Sea-Kale (Craatr marMmii}, In mdifch th« Iowa part 
of the pod, d, laeeedteis, and appears ba a atalk, while the beak orapperjdnt of the pod. ft, contra 



Tbe legume 
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connectioD between the Leguminona and Rosaceoos pltmts. In other 
indehiscent moaospermal legomes, as Amphfnemiom, there is a 
membranoufi wing, 60 that the fruit resembles some varieties of 
samara. 

369. A Siliqua is another kind of pod, formed (according to most 
authors) by the union of two carpellary leaves with parietal placentas, 
imd dehiscing by two valves which separate from below upwards (Fig. 
803, p. 273). It is well seen in the common Wallflower (Fig. 825) and 
in other Cruciferous plants (Fig. 374, p. 157). The two valves sepa- 
rate from the placentas, leaving them united by a cellular prolon- 
gation or replum (Fig. 707, p. 248), which divides the seed-vessel 
vertically into two loculaments. This replnm is sometimes partially 
absorbed (Fig. 708, p. 248), and the siliqua is then unilocular (mono- 
thecal). 

370. A broad and short raliqua (Figs. 804 and 805, p. 273, 
and Fig. 827) has received the name of Mlicula. In it, [tike silicle) 
the carpellary leaves are either unit«d together, so that the septum is 
in the broadest diameter of the pod (latiseptie), as in Thlaspi, Draba 
(Fig. 804, p. 273), and Scurvy-graas (Fig. 827) ; or the carpels are 
fi)lded so that their dorsal suture is prominent, and the replum is 
narrow or linear (angusldseptfe), as in the Shepherd 's-pnrse (Figs. 826 
and 828). 

371. In the Siliqua, the style (when present) and the stigma 
rem^ adherent (Fig. 825, sit/, tUg). A sdliqua may be divided 
transversely like a lomentum into single-seeded loculaments, as in 
Baphanns maritimnB. Such a siliqua is indehiscent. In the Sea- 
Kale (Fig. 829), there is a jointed siliqua, thenpper joint (beak) of which 
contains one or two seeds, while the lower is abortive and appears like 
a fruit-stalk. In Woad, the silicle becomes by abortion one-seeded, 
and by the absence of the replum nnilocular. Occadonally a mliqna 
exhibits divisions on its inner walls which are not seen ezt«maily. 
Some look upon the siliqua as ori^nally formed of four carpels, two 
of which are abortive ; in this way the tendency to tatramerons 
symmetry is traced in the pistil.* 

372. A CapsuU is a dry syncarpons frtut dehiscing either verti- 
cally by valves, teeth, or pores, or transversely by a lid. It is com- 
posed of several carpels united, and it may exhibit all the kinds of 
dehiscence to which reference has already been made (^ 358). In 
Caryophyllaceous plants, tbe dehiscence of the capsule often takes 
place by short valvular teeth (Fig. 807, p. 273), in the Mahogany 
fruit by complete valves which separate from below upwards, in Col- 
chicum (Fig. 792, p. 270), and in Cotton (Fig. 101, p. 44) by valves 
separating from above downwards, in the Poppy (Pig. 808, p. 273) 
by pores below the stigma, in Frogsmouth (Fig, 810, p. 274) by rup- 
turing at the apex, in Mignonette by becoming patent at the apex 
(Fig. 811, p. 274), in Campanula (Fig, 812, p. 274) by irregular 

■ Mutliu. T«f»lologlo VegMalft BO. 
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opeuinga near tiie base, in Henbane (Fig. 813, p. 274) by a lid, in 
which case the capsule sometuBes receives the name of pyxidium, in 
Spurges (Fig. 796, p. 272) by the sudden separation of elastic cooci 
or carpels, each containing oae seed (Fig. 830), and in the Balsam 
(Fig. 831) by the separation of five elastic valves which coil upwards 
in the manner represented in Figure 832. 

373. An Aehamum or achene is a dry indehlscent one-seeded 
(monospermoos) fruit, as in Fnmitory (Fig. 833) and Crowfoot (Fig. 
768, p. 264). It is formed of a single carpel which is closely applied 
to the seed. At first sight it is difficult to distinguisb this kind of 
seed-vessel frara a seed, and hence Linnteus termed some achene- 
bearing plants naked- seeded (gymnospennia). The presence of the 
style and stigma, as in the Nettle (Fig. 834) and in the fruit of Caiex 
(Fig. 835), tuds in the determination. It is common to find several 
separate achenes forming the fruit. In Buttercups, the ochenes are 
aggregated on a convex receptacle (Fig. 694, p. 245), in the Straw- 




n«.8s*. 



berry they are placed on a convex succulent receptacle (Fig. 696, p. 
245), and in the Rose on a concave receptacle (Fig. 696, p. 246). 
In all these cases, the presence of styles and stigmata enables the 
student to ascertain that what are commonly called seeds are in 
reality fruits. The styles are sometimeB remarkably elongated and 
feathery, as in Traveller's-joy (Fig. 836, «) and in the Pasque-fiower 
Anemone. 
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374. In the inatances already noticed, the DumerouB achenes are 
the produce of a single flowei, but cases occur, guch as the Pig (Fig. 
366, p. 154) and Doretenia (Fig. 367, p. 154), in which they are each 
the produce of a separate flower. In the Borage and Mint orders, the 
two or four achenes forming the ripe fruit (Pigs. 837 and 838) are at 
first united, and even when matured, there is a common style which 
is attached to the apparent base of each achene. Such cases may be 
considered as resembling two or four-celled capsules dehiscing in a 
septicidal manner, each division enclosing a single seed, as in Hura 
and Spurges. 

375. Cases also occur in which the achienia are united to the tube 




of the calyx. Thus in Composite plants, such as the Thistle and 
Dandelion (Figs. 364 and 365, p. 154), and in Groundsel (Pig. 839), 

Pig. 835. Achede of ft apedea of Sedge (Csrex), cut Tertlcallf. abovdn^ th« pericar]i. vrKb Uie 
style and itjginu, t, and the aiDgle albamlDou seed In the interior. wlUi the iduJI timbrjo At the 
bue ot U» albumen. 

Fig. ese. Gandale Acbeniam ot the Traveller'Hor (Clflufji). cnt TtraaBy, It (a an inde- 



F<g. SSr. Calyi and Omit of Comfrsf (^mjiAyfini), cut venlcally. The frmt la divided br tlia 
bMIng of the ovaiy Into fbor elnglQ-Beeded pordoDa or achcula, twoof vhlch areieen In the flguie, 
indlhe Rrlsappean (a ube (hmi tbe bueoftbecarpela. Llnonna ecroneoualr called tbese plaota 

d Uieaa 
■chienia fbar nalnd aeeda. 

Fig. BS8. Tatmlai dowtr of a gpedee of Oronudie] (^enecie), eliowtaig the lio^fr^eeded Inde- 
Uanent seed-TEiH] orachEenluin. a, at the baa*. The Cabeoftbecaljila adherent to It, and the limb 
of the calyx appean In the fbmi of pappaa, e, eiuTDLmdlng the garaopelalDdB comlla. The lUiiled 
aolhsn and bUd ityle, t, are aeon lo tbe ceslre of the Bowv. Some call tha (rail of Compoalte 
u fbmied originally of tno monoepennone cajpela, 
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what are called Beeds are in reality single-seeded fruite, each produced 
by a separate flower, with the tube of the calyx nnited to it, and the 
limb of the calyx appearing ae a rim or as a hairy appendage, called 
pappiis (If 263), The fruit in these plants seems to be originally formed 
of two carpels, as indicated by the divisions of the style and by the 
stigmata, but only one of the carpels comes to maturity. 

376. In Umbel-bearing plants, such as Hemlock, Fool's- parsley 
(Fig. 379, p. 159), and Cummin (Fig. 347, p. Ii8), two achfenia, 
invested by the tube of the calyx, are united by their faces, so as to 
form a compound fruit called a cremocarp, with a division or eommU- 
sure between them (Figs. 840 and 841). This fruit, when ripe, shows 
its composition by separating into two achencs (called here, mericarpe 
and hemicarps), which are suspended by a slender central stalk or 
axis, called a carpophore (Fig. 842). The outer siu-face of these 
mericarps is marked by ridges and furrows, and there are often pecu- 
liar vitte or receptacles of oil (fl 60) present in the pericarp. 

377. It sometimes happens that the pericarp is not closely applied 




to the seed, but surrounds it like a bladder, and in that case, the 
achene has received the name of utricle. This variety of achene is 
seen in the Goosefoot order and in the Enawel. The achene and 
ntricle are often surrounded closely by the calyx or perianth without 
being adherent, as m the Dock (Figs. 643 and 844) and in Carex. 

378. A Caryopsis is a dry indehiscent monospermous seed-vessel 
resembling an achsenium, but differing in the complete adheaon and 

Fig. S40. Floir«rDfFeim«l(J^iniiniIiMi rnlfore), one of (tae UmbsUlfene mt TerUoll;. diowliig 
thu fmll, /, compowd of two aingLe-Meded carpels, w ftchpnOH, uniled, u u to form » crtmocaip. 
Ttie psnduloui leedi are Mf n In the carpels or merioaipi, Tlienro styles areBMn at the speiofthe 
(rait, wlUi tbelt dUalea bMM fonncd 1^ an epIgjnoBS disk. The pointi (a^cnla) of [ha petals, p, 
an turned hivaids. The calyx tube Is adhenml ta Ihelhiit, and thB limb oT the calyilt often ohto- 
lete. Ihe frait le thsreftm hrforior. 

Fig. Sll, TnosveiH uctLon orthe fruit of anotherambelllforoas plant {Angrlical. It Isacremo- 
cup, formed hy two hemlcsirps or achenei. PromlneDt rldg« with depresdons aze seen on (he 
nr&ce of the a^L The laiarel ridges spread Inin broad wings. maAsd by the e1oDEai«i pmcHsei 
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incorporation which eziste between the pericarpial covering and the 
seed. It is seen in the common cultivated grains, as Wheat (Figs. 
845, 846, and 847), in Oata (Fig. 848), and in general in all Grasses. 
In these plants, the pericarp cannot be eeparated from the seed. 
Hence the grains of Wheat, Maize, Barley, Bye, and Oats, are in 
common language called seeds. It is only by examining them in the 
early state, and noticing the styles (Fig. 843), that we can determine 
their real nature. In the caryopsis, it is believed that there were 




Q & 



n|.84S. Fig.WB. tig.SiS. Kg. 647. 

originally, at least, two carpels, as indicated by the styles, one of 
which is abortive. 

379. A Nut is a dry unilocular one-aeeded indehiscent fruit witi 
a hard covering. In its early state, it is usually composed of two or 

fig. us. Floirering bnnch of a Hpfidra of Dock {Sumex Fatientiai, Ld wbldi th« achoiu la mr-. 

roDiidalcloHlfbyUielimerdlTl^oiiioftJispaltuitti, The aawenae prodaccd In c^^doh cliiil«i. 
Fig. 8M. Thg ftalt at a Sock (Sumex), cm vsnlcHUy, ihowlDg the nlng-llke pnKeiwi ouUlda, c, 

irhlch ire tbe parti of tbe periantta snclDalng the tnUt or acbene, trttb Ita albomliioiui t»d and 

teaeatiic tabrjo. 

Fig, MS. Yoang fruit or carTopdi oT Wheat (jyUiaim), Bbgwing tfaa taint ontilds, iq, the three 

itunena, and the ftether; itylei at tbe snmoilt . 

Fig, Mft Carycptfi or gtiln oT Wheat I'Mticum), wen on lU oater face, with the embryo lying 

at lower part on one ride- 
Fig, 647. Caiyopria or gnin of Wheat tTfiliamJ. leen on Ita iimor ftice, with a groove on the 

fig. $4S. Caryoplli, or alngle-Beeded grain oT.Oata (Jiflu). Thethiltandaeedarebicorriorated. 
The pericarp, o, bears the Mrlea and itlgmai, and endoaea the seed, t, with Ita albainsi, or perigpenn, 
«, and Ite embryo, conelillDg of the cotyledon, t, tbe gemmole, f, and the root, r. 
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more carpels, with one or more ovules in each ; but, in the progress 
of growth, all disappear except one. It is illustrated by the Hazel- 
nut (Fig. 351, p. 149), the Chestnut, the Acom (Fig. 257, p. 116, 
Fig. 350, p. U9, and Fig. 778, p. 267), and the Coco-nut. In 
many cases it is Burroiuided by a series of bracts fonning an involucre, 
seen in the busk of tbe Nut, the cup of the Acorn, and the burr of 
the Chestnut. 8ome restrict the i«nn nut (glans) entirely to such 
cases. The pericarp of the nut has its parts frequently so united as 
to be indistinguiehahle. In the Coco-nut, however, the pericarp can 
be separated into an epicarp or outer covering, a fibrous mesocarp, and 
a stony endocarp, marked vrith three ridges, and three depressions, one 
of which is perforated. The epicarp of the nut of the Sago-Palm is 

380. A Samara is a nut or achnnium, in which the pericarp is 
extended in the form of a winged margin or apex. There are origi- 



nally two carpels united, but one of them is frequently abortive. This 
samaroid fniit occurs in the Maple and Sycamore (Figs. 849 and 850), 
the Ash (Fig. 851), and the Elm. The samara of the Sycamore opens 
by splitting into two in a septicidal manner, as seen in Figure 850, 

381. A Drupe is the general name given to what are called stone- 
froite, such as the Peach {Fig. 770, p. 264, and Fig. 852), the Plum, 
the Cherry (Fig. 785, p. 269), the Apricot, the Date (Fig. 786, 3 and 
4, p. 269), the Olive (Fig. 853), and Coffee (Fig. 854). It is a one- 
celled, one or two-seeded indehiscent fruit, having a fleshy mesocarp, 
which is hence denominated sarcocarp. In the Peach, the epicarp is 
the separable skin, the sarcocarp is the flesh which is eaten, and tbe 
endocarp is the hard shell or putamen, which can be split into two 

ng. 94S. Hnocb of tha Sugir-Maple {Acir wcciarinim), beutsg H diutar orumunld fruH. 
?ig. 860. Buumof the Miple (.leer), coiulUlDgoriitDulieiilaorDnu, wjttairiiittcd^ipeiidiicw 
I a, U Ihe buck of the cupeli. The two winged (rulu sepwBU from etcb Mbei wlKO ripe. 
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parte. In the Walnut (Figa. 865, 856, and 867), the pntamen is 
divided in a marked manner into two, and from ite interior bony par- 




titions extend, bo as to form lobeB in the Beed or kernel. Some fruits, 
such as the Almond {Figs. 858 and 859), are called drupes or dnipa- 



fle- BBi. Flowarlng snd thiitlne brandia of the Pea 

Hg. ess. Drnpu of the OllTe-tiee (Olta Sampxa). The thiit cantalni 
cured by expmidDii, The plsot la tbe 2ail dt Aott of the Bible (Gen.vUL 
1 ElDga H. S3, *c.> 

Fig. 8H. Bnncb of the CoO^tree (Ct^ia araiica), besrlng Bowaa e 
DmpOt having a nuxolent mvaocaip. The seeda have homy Albnmep and 

t\g. SM. Frnlling branch at the Wahiat tiee (Jii^tani riyia]. The tt 



Drape, conwBling of epltarp^ 

tahu much oU, which la pn> 
Deiit.«i,ll; >lll,B! 



lall embryo, 
a Drape. The Er 
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ceons, in which the sarcocarp ia not succulent. Many call the Coco- 




»M Fig. BSD. ¥ig. 861. Fig. 8^7. 



nut a drupe, with a fibrous meBocarp, There & 



Tig. 856. The Walnut (Juglam), a diopaceooB fmit BometimeB <*lled 'ftyma. 

Tig. 8S7. Tbe Walnut Trlth the epiorp uid meaociTp removed, Tbe hard endocarp eDc]«e* Ibe 
BM4, From the Inner eurfus of cbo two-YOlfed eudocarp lurd procesws oxtend IqwArda* which 
divide the kernel into ouinetoiiB convoluted twrtioiu. 

Fig. 858. TbB Almondliee iJaiggdnlta omniunii), the ftnlt of which ia a Crape with a tough 
tneUKATp. The Hebrew woid Siaked it generally Inuulated Almond (Gen. illU. 11 ; Exod. xiv, 
B8,34i luvU. 19; Nnmb. iiil. 8). The word tut, which ocmta hk Geneda 111.37, and la there 
tnoBlaled Hazet, appears lo be the niune of tbe Almond-tree, while liakid It the name of the thilt. 

Fig. &&9. Flowering biuioh. 1, and frulUng branch, 2, of the Almond {Jaiyffdatits commHuit). 
The plant belongs to the drupaceona section of BosacctE. The atamens are nnmsraoa, attached to 
the calyx, and the ttnit la a peculiar drupe wlUi a tough leathery meucarp. Tbe endocarp la the 
shell of the ahnonil. and the kernel ia the seed. 

ng. 860. Fmltof the (}0(«Eben7(Bf*«6'r(ij»iiarM), cot vertically, showlnglhe seeds altachsd to 
pailotal placentas, vid imTnersed In pulpy matter, which Is fbimed partly &Dm the cndocATp and 

F1g.B61. BaocalcflnHof the \TnB(PiKjriaiftni), called Uvaor graiw, Ths seeds ars auached 
to a central placenta, and are inunsrseit In pulp which Is a secredon for the hiner lining of Che peri- 
carp. Tlie cal^ does not form put ef the boH. 
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in such cases, a, transitioD from the drupe to tbe nut. The aggregation 
of several drupes fonas the fruit of the Raspberry, the Bramble, and 
the Quassia plant (Fig. 316, p. 135). 

382. A Berry or Bacea, is the name given to all indehiscent syn- 
carpous fruits, the seeds of which are immersed in a pulpy or fleshy 
mass. Such fruits are collectively called baccate or berried. In the 
true berry, such as the Gooseberry and Currant (Fig. 777, p. 267), the 
calyx adheres to the fruit, and tie placentas are parietal (Fig. 860), 
while in the grape (uva) the ovary alone is present (Fig. 861), and 
the placentas are central. Instances of baccate fruits are seen in 



SolanaceouB plants, such as the Potato, Egg-plant, Mandrake (Fig. 
862), Belladonna (Fig. 863), and Winter Cherry (Fig. 501, p. 199), 
as well as in the Mistleto (Fig. 864). 

383. In the Pomegranate there is a peculiar succulent berried fruit, 
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called a balautla, in which the pulpy cells are arranged in two rows, 
some of which are in the centre round the axis, and othere are placed 
outside, all being adherent to the calyx. In Figure 865, there is re- 
presented a transverse section of the lower portion of the Pomegranate 
in the young state, showing three carpels; and in Figure 866, a 
similar section of the upper portioD, showing five carpels. Hance 
says that the lower cells arise from a central row of carpels, the 
cohering apices of which form the septum hetween the two chambers 
of the iruit, the ovules arising from the two united margins of the 
same oarpellary leaf, and being directed towards the circumference of 
the ovary ; while the upper cells are formed by an outer series of 
longer cw^ls alternating with the others, the cohering summits con- 
sdtutiug the whole, or, at all events, the external portion of the style, 
and the ovules are borne on the entire inner surface of the carptdia, as 
in the Water-Lily — the cells being also frequently divided by spurious 
septa arising from the midrib. The peculiar appearances are traced 
to the existence of two rows of carpels, and the contraction caused by 




Rl.seo. Fig. 666. Fig. 867. 

the calyx. In the Orange there is a modification of the berry, called 
heaperidium, in which there is a separable rind not formed by the calyx, 
consisting of epicarp and mesocarp, and pulpy separable cells formed 
by the endocarp (Figs. 867 and 868). 

384. A Pepo. This is a fruit allied to the berry, occurring in 
the Cucumber (Fig. 869), (Jourd, Melon (Fig. 327, p. 139, and Fig. 
870), and Colgcynth (Fig. 871). It consists of three carpels united, 
covered by a firm rind, which is partly formed by the calys. The 
placentas are by some considered as parietal, and as sending processes 
inwards, by others they are looked upon as central, and as sending 
processes outwards, which reach the walls of the fruit and then curve 
backwards, bearing the seeds. The processes proceeding from the 

l«d on projscUns oenlral pluKQUa, 
and looking toiruda the clrcDmlwaKW of the fIralL 

Fig. 866. TrtmirerM wctioa of the appa part ot the herrteil finlt of Uw Fonwgnuiala iPanita 
Oraiuliim), ihowb^ five carpelluy dlTiBloni, with (ha ovoJea stUiched lo pluentea pntjccdng 
Inwardi. anil looking towsida th« onlre. The FoniegniaMe la » pecuUir baccate ttvlt. with an 
■dherent calyi. and It has re«lT«ll the Mine of Balanata. There an tiro rowa of caipela In It, the 
amutgeoHDt of nhlch heconiei complicated during growth. 

Fig. 867. Toong (niC of the Orange ICilrus Aaraalmm,) cot tranire™^, ihowing nnmerooa 
central pnlp; cells, wlUi paitltlona. c, between Uiem. The frnlt la iniroanded by an annnlu- dlik, 
■, below which are Hen the remahis of the atameDB, / 
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axis to the walle are nsually obliterated, according to the latter view, 
giving rise to the appearance of the placentas being parietal. The 
fruit thus becomeE one-celled. A tTansverse section of the Melon is 
given in Fig. 874, in which pi indicates the placentas, d the septa, 
wid 3 the processes connecting the curved placentas with the centre. 
In the Plantain and Banana (Figs. 873 and 875), the fruit is allied 
to the pepo, consisting of three carpels, with parietal placentas, the 
perianth being adherent to the ovary, and the seeds immersed in a 
pulpy mass when ripe. These plants rarely ripen seed when the fruit 
is of good quality. In the fruit of the Papaw-tree (Fig. 872), which 




rMcmblcB the pepo, the placentas are distinctly parietal, but the rind 
is not formed by the calyx. 

ridd sanpoBed of a^cup nd nKeocarp. uid the iepArabl« pnlpr ceUfl Ln tbe caaOi lOnned by th« 
endocorp. The Hcds Are irrunersed In pulp [d the endocu^^ «Ub. Tiit Cnih Is b pecolUi kind oT 
beny cill*l HwperidLinn. The ortyi dina not enlar Into [ti compoWUon. 

Fi;. Stra. nomring Mem, 1, and fruit, X of Che Cnciuobet (Ouomtg Mli«u). On tlw doneitiiK 
bnuch the opper tlowec Is nmle, tha lower pepdoloiu one fenule. The frnit Is * peculiu bacck 
oalled a Pepo. Iti dnd la tOtined panly by the dlyi, and it conslstg of three carpeli, wlUi pailel^ 
placantu Kcordlng Id BDme, ud central placentsa n: ~ .. . , „... 



Fig, 87*. The ftoll of the W«ter-M 
sd nwemblcs the Cncon ' 
lehren vord Abattaehim, and In 
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885, A Pome is a fleshy gyncarpous fruit, composed of two or 
more scaly, or homy, or bocy carpels, covered by a palpy mass, which 
is incorporated with the calyx. The outer fleshy portion may be 
considered either as the combined epicarp and mesocarp, or it may be 
reckoned the receptacle enlarged, as in the Kose, and united to the 
calyx. This kind of fruit is seen in the Apple (Fig. 87e), the Pear, 
the Quince, and the Medlar (Fig. 77G, p. 267). There are frequently 
five carpels united, as seen in Figure 876. The cartilaginous cells 
enclosing the seeds of the Apple, and the bony coverings (nucules) of 
the seeds of the Medlar, may be reckoned either as the endocarp, or as 
the entire pericarp, according to the view taken of the formation of 
the pulpy exterior. In Apples we see little white downy lines run- 
ning across the inner surface of the carpels ; these, according to 
Berkeley, are formed by an hypertrophy, or increased growth of the 
cellular tissue.* 

386. Multiple or Collective Fruits are formed by several flowers 




ng. 87^ Fig. BT3. 

imited, and the name anthocarpous is also applied, because they con- 
ast usually of the bract« and floral envelopes combined wiUi the 
ovaries. They are either indehiscent or dehiscent, succulent or dry. 

387. A Cone is a form of collective fruit, composed of scales or 
bracts covering one or more naked seeds (Fig. 877). Some consider 
these scales as carpels spread out, but from the absence of style and 

Fig. 871. FmH of the Colocyntb (CWmiii Coloeysiiii or Cilrvllta ColBcgnlhii). It li oUai 
CatoqutatldiloTBittaaiipIe. It !• ■ Fepo or FeponldB reaembUng tbe GnflutilwT In unctnA Itit 
Ilia Hmual at the Antoa, iind It b one of (he planti nipposed to Ik included in the Hebnn noid 
JPakyoth, tnuulaled Wild Qountu (9 Klugt If, 3S-40). The Hehtew word Fekaim, InmlBlsd Koofi 
hi 1 King! Ti. IS, iui<tTU.31,linippiw»dtaKf«b]therDnnarihe(nilt Dfthe WIldOoDTd. 

Fig. BTS. Fipuw-tree [Carim Pafnya), bearing e clutter ot tcM, neu the top of the itsm. Thg 
fhiit ToembleB » Fepo, hot the olyi doea not fbirn part of it- The pUcentea era niuDDronA oeA 
puletiL 

TIg.STS. Ftnltor the Buiens («u(ii afitntwn). It 1> ■ inoculenl frslt allied to the Pepo. II 
la adherent la the calyi, and conalaii of three caipole wlOi pallet*] ptioeoKi. The Meda ■« oflen 
•bortiTB, eapedally when tlH ftnll la good, aaui article of diet 

' See Oeideuer't Ctanmicle. December 1861. 
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Stigma (Fig, 725, p. 250, and Fig. 766, p. 261), they seem more 
properly referable to floral leaves or bracts. The cone gives name to 
the natural order Conifers, or Cone-bearers, such as the Fir (Fig. 172, 
p. 72), Spruce, and Larch, the Cypress (Figs. 879 and 881), the Arau- 
caria and Altingia (Fig. 59, p. 26). In the Juniper the scales of the 
cone are succnlent (Fig. 880 and Fig. 273, p. 121), and the fruit has 
BOmetiraeB received the name of galhulus. In the Yew (Fig. 780, p. 
267), the bracts enveloping the naked seed also become succulent. 

388. In the Fig (Fig. 775, p. 266, and Fig. 782, p. 268) a 
multiple fruit occurs, consisting of numerous flowers enclosed in a 
hollow receptacle. What are called the seeds of the Fig, are in 
reality moaospermous seed-vessels (acbenes), with styles and stigmata. 
In the Mulberry (Fig. 878), Bread-fruit (Fig. 783, p. 268), Jack- 



fruit, and Pine-apple (Fig, 882), the ovaries and floral envelopes of 
several flowers are all united into one fleshy mass, placed on a more 
or less convex or elongated receptacle. The crown of the Pine- 
apple may be regarded as a series of empty bracts terminating the 



it UUcbed (o them. Hie Ui 

the OTiiJei, Then plueotu b; hhds are coiuldered u piheUU, fonnal on Uie •tkUi dT U» Onit, by 
others they are looked apDO u the corred terminUloiig of the cenml proceeBC*, k 

Fig. Wi. FUnt of Buiiiiii (Mus upimtum), with ■ frult-bciiitiiK italk hargbig down turn the 
unier part of the he[biH»mii nam. 

¥ig. S76, Section of the fruit of the itpple iPyrvi Malni). conilnlng of an ejdcarp tind meaocaip 
partly finned by the cslyi. A lanllaglnimi endocarp fbrmbig t-m caTUlu In Ibe centre wltta leedi. 
Tba teait li called a Pome. In tbe Uedlar (he endocarp It atony. 
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axis. In plants belonging to the same tribe, such as Bromelia Pinguiu, 
the different flowers are separate, and do cot unite into one mass 
when in frait, — thus illustrating the composition of the Pine-apple. 
The succulent portion of the Mulberry is connected with the floral 
envelopes of several flowers ; hence it is qiiite difierent from the 
Bramble, in which the succulent part is connected with the pericarp, 
and the fniit is formed by a single flower. In Figure 883, a section 
of the Mulberry fruit is given, showing the different flowers by which 
it is formed ; and in Figure 884 is represented a separate female 
flower, with ils ovary, styles, and stigmas. In the strobili of tie Hop 
(Fig. 885), the bracts covering the flowers are membranous in place 
of being succulent. 

389, Transformations in Fruits. — The same causes which produce 



Hg. 877. Fig. B;8. Fig. 879. 

alterations in the other parts of the flower, give rise to anomalous appear- 
ances in the fruit. The carpels, in place of bearing seeds, are sometimes 
changed into leaves, with lobes at their margin. In a monstrosity of a 
kind of Larkspur, Brongniart has shown the conversion of the seed-vessel 

F1^. ST7. AnttuKu^ous fruit ot a Pine (Pinuaj, conilaUng of numoouB bud Bales covering 
wlDg^ B«d». These Acolea on bncta or Aosol l«4Te«. The fruit iH called a cone. It maj^ be uld 
to be a hardened (bmale iplke bi tba form oT a cdltctlTe fruit. 

fig. S7e. FniiUng bnudi of black Hulben; (Uonu nigra), wbtcb appears to be the SgHmiMi 
at Sycamine-trw of the Nen TeaUment (Lake ivli 6). The fraSt la anthocaipone or collective and 
succulent. It coniliti! of numerou floweis nnlted (ogetliei Into a succuleDt miH. It la called a 

Hg. 879. AnUioc&rpouB or collective ^nit of the Cypress {Cupreuuj itmpervirenM). It la a 
depKBKd cone fonned by hardeaed scales covering naked seeds. 

Fig. S80. AnthocarpoDS fruit of Junlp^ {Junipenii commKim). It la a cone composed of succa- 
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and seeds into leaves.* SimUar changes have also been noticed by bim in 
Uie£ruitimdBeedsoftheRape,Soap-wort, and Scarlet Pimpernel. The 
prodnction of leav^ from the upper part of the Iruit baa been noticed 
in the case of the Pear {Fig. 430, p. 181). In the genua Citrus, to 
which the Orange and Lemon belong, it is very common to meet with 
a aeparation of the carpels, so as to produce what are called homed 
oranges and fingered citrons. In this case a syncarpons fruit has a 
tendency to become apocarpous. The same thing is observed in some 
species of the genus Kigella. In the Orange we occasionally find a 
supernumerary row of carpels produced, as shown in Figure 88G, el, 
and these, when the finit is completely formed, give rise to the 
appearance of oranges enclosed within the original one, as shown in 
Figure 887, The Navel Orange of Pemambuco is of this nature. 
390. It sometimes happens that, by the union of flowers, double 



fruits are produced. The adhesion of two flowers does not necessarily 
imply sterility in the fruit. The ovary may be fertilized, and may come 
to perfection. In such a case, if the two pistils are adherent like the 
other parts of the flowers, then a double finiit is produced. Occasionally, 
however, a double fruit is produced, not by the incorporation of two 





nlenUyieldingaeolleo 




Ih. which is IranslatBl 


lUtn many parts of Scripture (a Sam. vt.S; 1 Kings v.S; 2 KlngB in. 23 




mrd Firzah in Isslsh lUv. It hai been InuulBted Cyprau, but there Is no 


proof of this bring the 


pUnt nwant Some think Ibat Ttmb mean. Ibe Evergreen Oak (Quetcni 


1 Ilei). Some suppose 


Out the £li Ooplitr or Qopbei-O'iDd of the Bible (Oen. vL 11) "u the yiaa 


doftbeCypreM,orof 






Fig. Ssa Fmit of Iba Pine-*pple (^noflaira aati'ii], tonristii^ of nutoci 




united together so aa to form a ccUecUve or unthoearpous frnit. Tlie crovn 


n of the Pine-applf. c, 


coiislsle of » aeriea of empty bracts prolonged beyond the ftnlt. 





onstmosll^ VegMiles. 
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flovere, but by the abnormal development of a second carpel in the 
flower. In this way donble Cherries ore frequently formed. The state 




Fig. »84, Rj. 88S. 



of the peduncle will often lead to a satisfactory oonclusion as to the 

Fig. tK. Vertical mtOina oT the thill of the Midberry {Mimt nigra), itauwliig the vHrioiu 

t\g. 8S+. One of the ftrnula (OBen of the Mnlborrj (Momi xigra.) »epa™ted, showing the need, 
the embryo, and the ttf Im. 

Fig. &86. FniSt of Ore Hop IHamulm Lvrulut), coniliUng of mombrSDoiu walei coyering ftmilB 
flawen. lbs ftnlt it called a gtroblhu. 

cjupela are prodncdd, appannUy from altcrodstHDetui p^ the peduncle which dBuHlly lerminala the 
atla and hean the floisl Tertldls, i> pmlooged beyond the calyx, c. lud tlie annniai dlik, », In the 
fono of a dtsllnct faitcnDde. m, bearing a drcutai gronp of itamens changed lula oupdg, tJ, with 
Btylee and atlgniata. Within and above Uic«c there la aDotiier row of atameiu dui^ed iQlo carpcllt 
SI, turronnillng the central pistil, pc In thli hinanoa all the ctupdi nere itsrOe. 

Fig. B87. Another monBtroslt; of the Orange, in which tbero aro twenty eitcmal dlvisioiie, cf, 
repreHothig caip«t> which, hi place of uniting at the top, leaia an opening, whence proceed twenty 
proJectloin, ri, which flmn a crown to the fhiil. Theae prtijBctloni are a wilsa of aborUve catpela. 
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nature of double fruits. In the fiiBt-mentiotied cases, the peduncle 
often shows a groove which marks the union of two ; in the latter 
instance there is no such groove. Double Plums are sometimes pro- 
duced by the development of an additional carpel, and double Oranges, 
Apples, and Cucumbers, are often the result of the adhesion of two 
flowers. Koenig mentioua a Strawberry plant which produced eight 
strawberries on one stalk ; and Turpin notices a Pine-apple with seven 
fruits united, the crowns of which remained free. Occasionally the 
multiplication of fruits may he traced to chorisis or splitting of parts. 
The produorion of leaves from fruits is by no means uncommon in the 
Fear, as already noticed, and in the cones of Pines, Spruces, and Larches, 
in which the axis becomes prolonged beyond the fruit.* Fruits pro- 
ducing leaves are usually more or less completely abortive, and they 
are called ^on^^wirous. 

391. The following may be given as a general arrangement of 
Fruits : — 

I. ApoCABPotrs FBtriis formed by one or more separate carpela. 

1. UonoBpermal, containing one seed. 

a. Dry and Indehiscent. 

Acheoe or Achaniuin la Composite flowerg ; CwyopgU in Grasses ; 
Not in the Hazel, and in the Coco-nnt Palm ; Scaly Mnt hi Sagns ; 
AggregHte Achen«8 or Achienia, ntunerooa Id Ranoacaliu anil 
Rose, four in the Borage and Wat order. In eome Adwues the 
pericaqi is loose and separate from the seed, and they are called 
UtricliH. Oceaaionally the calyx or perianth is closely applied to 
the Achene, as in Bninez. Soma Legomes are dry, monospeima], 
and indehiscent^ as IMpCerix. 

b. Succulent and tndehiscent. 

Dmpe in Cherry and Peach, and in Detariuoi ; Aggregate Drapes 
form the Eteerio of the Kaspberry ; Dmpe nith partiUoaed endo- 
carp in the Tryma of the Walnut. 
e. Dry and Dehiscent. 

Some forms of Legume in which one seed only ia dereloped, U in 
Copaif^ra, Cesalpinia panicalata, and Geoflroy a saperba. 

2. Polyepermal, containing usually more than one seed. 

a. Dry and Dehiscent. 

Follicle in Fnony ; Legoma in the Pea, and in Legtunlaoaa plaals 
in general. 

b. Dry and Indehiscent. 

Some varieties of Legome, as in Cassia Fistula, and in Lomentum- 
bearing plants, such as Sophora tomentosa. 

II. Syhoabpoos Frdiis formed by two or more carpels united by their 

1. Monospermal, by abortion of one or more carpels or ovules. 

To this head are referred many of the fruits incloded under the 
moDoepcrmai section of Apocarpous fruits, such as the Caryopsis of 
Grasses, the Nut, also the Samara of the Ash uid Elm, and some 
varieties of Siiiqna and Silicul^ as in Sea-Kale and Woad. 

* See Da Candolle'i Oijanognptde, pi. SA, tg, S, sod pi. 43, S(. <. 
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2. Poljapennal. 

a. Dry and DehiBcent. 

CapBole in Cotton, Mahogany, Poppy, Pyxia or PyxJdhim in 

Henbane, Siliqiift in Wallflower, SilionU in ShephBrd's-puraa ; 
CerUinni in Celandine, Regma in Enpboibiamous plants, Diplo- 
tegia In Campanula. 

6. Diy and IndehiBcent. 

Cremocarp of Umbeltiferoue plants, and Samara rJ Sycamore and 
Maples, in which the two carpels separate Tram each other, but do 
not tmly dehisce. 

c. Succulent and Indehiscent. 

(1) Baccate Fruits tniih Adherent Calyx. 

The Bacca in Goosebeny, Pepo in Melon and Banana, Ba- 
laosta in Pamegranale. Undsi this may be included also the 
Cynarrhodum in the Rose, the hep of which b formed by the 
succulent calyx encloung the achenes. 

(2) Baccate Fraiti wiA the Calyx not Adherent. 

The Uva in the Grape, the fruit of SolauacoODs plants such 
as the Potato, the Papaw &mt, tike Hesperidium in the Orange, 
the Pome in the Apple' and Pear, and the Kncnlaninm (a 
Tariety lA Pome) in Uie Medlar. 
III. AHtHOOARPons Pttirirs formed by the union of Beveial flowers. 

1. Succulent hollow receptacle enclosing monospermal ovaries pro* 

duced by separate flowers, as in the Syconus of the Fig. 

2. Scaly spike of female flowers combined into one multiple fruit. 

a. Scalea hard and seeds naked in the Cone of the Fir. 

b. Scales membraaouB, seeds Id a seed-yesjel, as ia the Stn>- 

bilus of the Hop. 

3. Succulent spike of female flowera, as in the Sorosia of the llul- 

berry and Bread-fruit. 

392. The Seed. — When the ovule arriveB at maturity it constitutee 
the Beed, which is contained in a Beed-veesel in the plants which are 
called Angiospermous ,- while, in Oymnoaperms, such aa Coniferw 
(Fig. 766, p. 261), and Cycadace», it is naked, or, in other words, 
has no true pericarpial covering. By far the larger number of flower- 
ing plants belong to the former division. It sometimes happens in 
Angiosperms, that the seed-vessel is ruptured at an early period of 
growth, so that the seeds become more or loss fully exposed during 
their development ; thia occnra in Mignonette [Fig. 811, p. 274), where 
the capsnle opens at the apex, and in Cuphea, where the placenta 
bursts through the ovary and floral envelopes, and appears as an erect 
process bearing the young seeds, 

393, The seed (Fig. 888) consists of a nucleus, c, usually 
covered by two cellular integuments, e and te, which are sometimes 
iucluded under the general name of spermoderm. The onter integu- 
ment is denominated the episperm,- exosperm, or more commonly the 
tetta (Fig, 888, te). It corresponds to the primine of the ovule {Fig, 
755, p, p. 256). It is frequently formed by a union of both primine 
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and secimdine. It varies in ita texture, being sometimes thin and mem- 
branaceous, at other times thick and hard. It presents various colours, 
being browa, white, red, black, and mottled. Its surface sometimes 
presents ridges and furrows, as in Larkspur (Fig. 889), reticulations, 
as in the Water Cress (Fig. 890), alveolar depressions, as in the 
Poppy (Fig. 891), and tubercular eminences, as in Chickweed (Fig, 
892). Occasionally, the seminal integument is furnished with appen- 




le UEelle or 



dages in the form of wings, as in Pine seeds (Fig. 893) and Bignonia, 
or with a margin, as in Sandwort (Fig. 894) ; and at other times it 

Fig. S88. The Mod ot the Pel (Piium,), depriiod of ons-half of lU Inugnment or b 
The outer covering, cilled epioarp, aiocaip, and teiU. ti marked is, Ihs Inner, called 
Within tiieat intagmnenU 1b the Qudeiu, canslatiDg of cotyledDns or Hed-lebea. e, 
iHMriahlDg matter, the gemmule. or yoimg leaf-liiid, g, the radicle, or young root, r, t 
■talk between not and bud, t The leed li attached to the p]al:e^tl^ pi, by a cord or 
The noDilehlng veaeelB, rnp, enter the nnclens at the ebalaiB, ch, and the root of the emhiyo polnta 
to the micropyle or foramen, m, 

tig. see. Oborats Ked of the Larkipur iDelpUaiam), the apeimoderm or teata of which pmeDtt 
wavy rldgea and furrowa. 

Fig. S91. Eldney.Bhaped aeed of the Poppy (Pifiaet), with olveolar dcpregaions on Itj tarface. 
The tttta la a^d to be alveolar or pitted, 

Ftg. B33. Baniided teed ot Chlckieed IMUUaria), having tubeicuUr eminences on the lurt^ce of 



ng;883. S 



ornr<Pinw),wlthai 



Y\s. est Seed of Sandwort Umwri 
raarglnata or bordered. 

Fig. Ses. Seed of Aule|du. with a eluBter of halrg arlllni 
and by aome eoiuklered a> a hairy aril, Theae halra are for thi 

Fig. B96. Hairy or comoM teed of the ^low (jhlii). Till 
and enrronnd tlie aeed. 



appendage, «, to tba testa, called a ivlng. The 
largja or border ronnd IL The aeed la called 
dra arising from tlie edgea of the micropyle. 
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u provided with tuure, aa in the Cotton plant (Fig. 101, p. 44], 
Aflclepiaa {Fig. 895), and the WUlow (Fig. 896). It is of importance 
to distiuguiah between such hairs and the pappus of Composite plants 
(Fig. 495, p. 198), and of Valerian (Fig. 497, p. 198), which is in 
reality an ahortive calycine limb attached to tie fruit. We have 
already stated that the presence of the style or etigma distingmsbes 
single- seeded fruita from seeds. 

394. The seed of some Polemoniaceous plants has a covering, 
consisting of small cells or hwrs containing spiral fibres inside. These 
hairs are closely applied to the surface of the episperm, and are con- 
fined by a mucilaginous coating. When placed in water, the muci- 
lage dissolves, and the hairs are liberated, so aa to spread out in all 
directions. The walls of the cells are also usually ruptured, so as to 
allow the spiral fibres to uncoil, and form a beautiful object under the 
microscope. The same kind of structure occurs in the pericarpial 
covering of some Labiate plants, such as Salvia, and of some Compo- 
site plants, such as Senecio (^ 39). The spreading out of these 
fibrous cells is apparently intended for the purpose of fixing the seed 
in the moist soil, into which they are carried by the wind. Sometimes 
the secundine of the ovule assumes a succulent conrastence in the seed, 
and forms a lining to the episperm. 

395. The Endopleura or teamen is the inner seminal envelope or 
integument. . In general, it is formed fi'om the tercine or the mem- 
brane of the nucleus, and it is somettmes united with the embryo-sac 
(Fig. 757, s, p. 259). In some cases, as m the Water-lUy, Ginger, 
and Pepper, this sac remains as a distinct covering of the young plant 
under lie name of the vitellus. The endopleura is often incorporated 
with the t^sta, and scarcely separable from it. It is composed usually 
of a thin layer of cellular tissue, and when the nucleus is sinuous, as 
in the Walnut (Fig, 897), it follows its winding so as to enter 
between the lobes. 

396. The spermoderm, or general seminal integument, has certain 
markings corresponding to those mentioned in the ovule. Thus, we 
observe the micropyle or small opening in the coats which extends to 
the nucleus (Fig. 888, m), the chalaza (Fig. 888, ck) or the fibro- 
vascular connection between the nucleus and the coats, and the base 
or hiliim by which the seed is connected with the fimiculus (Fig. 888, 

f). These bear the same relation to each other as they do in the 
ovule. Thus, in an orthotropous seed, the hilum and chalaza are 
united, and the micropyle is at the opposite end or apex ; in a campy- 
lotropous seed, the hilum and chalaza are united, and the micropyle 
is slightly removed from the hilum ; while in an anatropous seed, ihe 
nucleus is inverted — -its base and the chalaza being removed from the 
hilum, and the micropyle being close to the hilum. The seed of the 
Orange is anatropona, and the brown chalana, c, is seen in Figure 898 aa 
an expansion at one end, while the raphe connecting the hUum and 
chalaza is seen in Figure 899 running as a border, r, along one ^« 
of the seed. 
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397. The micropyle ia smaller and less distinct in the full grown 
seed tbaa it was in the ovule. It indica,teB the place where the radi- 
cular estremilj of the embrjo is situated (Fig. 906, r, p. 302). Its 
situation in the Bean and Pea, when they begin to sprout, is marked 
by a little lid-like process which is pushed upwards. The chalaza is 
more or less evident in different seeds. It is conspicuons in anatropous 
seeds, such as the Orange (Pig. 898), where the raphe (Fig. 899, r) 
or vascular connection between it and the placenta exists. The raphe 
forms a cord usually along the inner side of the seed, and may be 
considered as a prolongation from the funiculus, along with a covering 




derived from the int«gument of the seed.* The scar or hilum ii 

B and colours, and indicates the haae of the seed or ttie 

II kernel of tlie Waliint {Juglmi) cnt tnnaTerHly. ihoirlng the ditlalODB vblcb 
I prcceBHB of Uie BDilDCup or ibell. Tbe seed la fbDr-tobed at fta apex Eind bue^ 
< mtegtuDenU follow Iba winding! eT the eotyladona, which resemble ths 
eonrolutloiu of the brain. The eotyledons are S«b7 jiad olly- 

¥1)^. BBS. AnalTopal feed of the Onnge ICitna Auranlhan) opened to ebow the chokza, c, 
which forma a brown apot at one end, 

Flg.a»9, Entlieanatropal wed of the Orange (t^tru). wltliitarDpaeoiwrhikledleita.and the 
raphe or inientol fimlciitus, r, nmlf^g In the lUcknna of the luta on one aide. 

tig. 9(ia YoDDg Bnitropal teed of the White Water-Uly (JVjmflca aHia't, cut lerUcally. It la 
attached lo the plMcanta by the fOnlcnlni or umbilical oord, /, ceDnlar prolongaUona ftmn which 
(bnn an urll. a a. The leiMla of tbe cord are prolDngsd to (he baae of the nndeiu, n, b; meana of 
the raphe, r, composed of cellj and gplial Tesseli. The ba» of Ihenadena la indicated by the cbaUis, 
jrA. wfallo the apex la at the micropyle, n. Tbe covering of tbe seed composed of e^aperm and 
«Ildopleiira, or, in olbec words, of eiosperm and endospenn. la marked i. The nncleua, n, la com- 
posed of albomeu or perlsperm, Aurronnded by Its covering, and eucloalog the embryo-sac, ti, whkh 

n the sac, tbe rsdlde pointing lo the micropyle, jh. 

Fig. 001, Spccestive itagei In tbe derelopment of tha arlllod^ the Ua« or mlcropylar aril, of 
the Splndle-trse {Euimymiii). The foramen or micropyle, /. Is tbe part whence tbe arlllode, a, pro- 
CHds. It pessea through different ilagsB, froml, where It covers only a small part of the aeed, to 3 
he cnvcrlng la extended, until It reaches 4, wb«ro the seed Is almost entirely enveloped 






Be parts haa already been give] 
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place where it ib attached to the placenta. This attachment is either 
direct, or is accomplished by the intervention of a stalk or cord called 
the funiculus, which in Magnolias becomes much elongated. In the 
Bean the scar is of a black colour; in other cases it is white or brown. 
It sometimes extends over a large portion of the seed, as in the Horse 
Chestnut, 

398. On the outside of the integument of the seed there is some- 
times an additional partial covering of a cellular nature which is 
developed after the ovule is fertilized, and which has received the 
name of aril (arillus). It proceeds Irom the placenta or top of the 
foniculus in some insttmces, while in others it arises from the foramen 
of the seed. In the former case it is called a true or funicnlar aril, 
while in the latter it is called a false or micropylar aril, or sometimes 
arillode. In the Passion-flower and Water-lily (Fig. 900, a), a funi- 
cular aril exists, while in the Spindle-tree, Nutmeg, Spurge (Fig. 
830, p. 280), and Milk-wort, a micropylar aril is seen. In Figiire 
901, a representation is given of the development of the arillode, a, 
in the Spindle-tree, / being the foramen or micropyle from which this 
seminal covering ariees. It finally spreads as a beautiful scarlet 
envelope of the seed. In the Nutmeg, the arillode is laeiniated and 
of a fine scarlet colour, constituting the mace. Some consider the 
hairs of the seed of Asclepias (Fig. 895, p. 297) as a form of micro- 
pylar aril. Certain cellular processes are occasionally seen at the 
haxe, apex, or sides of the seed. They have received the names of 
caruncles and strophioles. In Milk-wort they occnr at the base, in 
the Castor-oil seed at the apex, and in Blood-root and Asarabacca 
they constitute a lateral crest arising from the raphe. Some have 
included all these nnder the name turll, applying the terms raphian 
and chalazal according to their position. 

399. The different parts of a seed are represented in Figure 
900, n being the nucleus or central portion, composed of nourishing 
matter enclosing the embryo-sac, es, with the embryo-plant, e, the 
radicle of which points to the micropyle, m ; f, the fimiculus, ch, the 
chalaza, r, the vessels running from the placenta to the base of the 
nucleus, i, the integuments or spermodenn, and a a, the funicular 
aril. 

400. The nucleus or kernel of the seed (Fig. 900, n) is the fully 
developed central portion of the ovule. It is much altered in general 
by the deposition of starchy, azotised, and ligneous matter, and by the 
development of the embryo. It consists either of the embryo alone, 
as in Wallflower (Fig. 902), or of the embryo, along with a separate 
deposit of nourishing matter called the albumen or periderm, as in 
Palms (Fig. 903). This albumen consists of starchy, ligneous, oily, 
saline, and nitrogenous substances contained in cells of various con- 
wstence. It is, therefore, not merely what chemists call vegetable 
albumen ; and hence it is better to give it the name of perisperm 
or endosperm. 
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401. A seed is said to be albuminous or periepermic when it haa a 
separate store of albumen distinct from the embryo, as in the Coco- 
nut (Fig. 904), Wheat (Fig. 846, p. 283), and Aconite (Fig. 905) ; 
and exalbummous or aperispennic when tie nutritionB matter is incor- 
porated with the lobes of the embryo, as in Cruciferous plants (Fig. 
902), in the Bean, the Pea (Fig. 888, p. 297), Almond, and Maple. 
In the last mentioned cases, the lobes or cotyledons (T[ 75) of the 
embryo are thick and fleshy, in consequence of the nourishing matter 
which they have absorbed, and tie embryo occupies the entire cavity 
of the seed. 

402. The perisperm varies in its consistence according to the 
nature of the deposit and the state of the cells. In the Vegetable- 
Ivory Palm, the cells are thickened by ligneous deposits, and the 
perisperm is of a homy consistence, so also in Coffee (Fig. 854, 
p. 285). In the Cereal grains, as Wheat (Fig. 846, p. 283), it is 
mealy and farinaceous ; in the Poppy it is oily ; in the Coco-nut (Fig. 
904, p) it is cartilaginous ; in the Mallow, mucilaginous. When cut, 
the perisperm may present a uniform appearance, as in Castor-Oil, or 




it may have a mottled or ruminated appearance, as in the Nutmeg and 
Betel-nut. The latter depends on some unaltered cells of the endo- 
plenra or of the embryo-sac ramifying through the substance and 
forming convolutions. The proportion which the perisperm bears to 
the embryo varies much. Sometimes, as in the Coco-nut (Fig. 904), 
in the Date and in Monkshood (Fig. 905), the embryo is very small, 
while the albumen is abundant ; at other times, as in the Nettle (Fig. 
906), the embryo is large and the albumen small. The deposit of 

Kg. 90£ Seed of W 
psnole— Bll iho nourisl 

Intsgnment irblcta li minel Dy tne duK lln«s, IDe ambryo uooe m loima in uh unenor. ine 
nidlcle. r, i> bided on the edgei of the cotyladong, irhlcli ue ueiunbent; (be plmt belwigi to tilt 

and a imal] embryo, 
nt eepvete th>m the 

Fig. dot. BcotlOD ot s part ot the wed of the Coco-nut tCccoi itad/fra), ihowlng the abundani 
CKtUaghiDDa albnmen or periepenn, ^ And the flouU embirOf f ^ In a citTlty at one end of the seed, 
clou to tbe part oT (be endocarp wbiob Ii peifimtid, aod remote IVom tbe bDom or baie of tbe aeed. 

Fig. 906. The Kcd of the Mtrnksbood (AcoHitum), wttb hn covering or ipennodenD, Ita coj^ona 
albninen, and a small embryo, (. M one eitremily. Tbe seed Ig BlbumlooaB, and tbe embiyo 1b 
■lightly tnnirene in Ita podllon. 
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albumen takes place within the integuments of the seed. It either 
occupies the space between the endopleura and the embryo-sac (Fig. 
900, n, p. 299), when it is colled exospermic, as in the Water-lily {Fig. 
907) and other plants which have a distinct vitelluB, or it is deposited 
within the sac, and then is endospermic ; or it occupies both positions 
at once, and then may be called by the general name of perisperm, 

403. The Embryo is the young plant contained in the seed. It is 
the part to the production and nourishment of which all parts of tlie 
flower contribute. It is contained originally in a cavity called the 
embryO'Sac (Fig. 900, es), and appears at first as a small vesicle or 
cell (Fig, 900, e), attached to the sac by a. cellular process called a 
suspensor, which is often very long, as in Cruciferous plants (Fig. 
910), The suspensor (Fig. 910, s) sometimes presents a peculiar en- 
larged nucleated cell, c, at the extremity opposite to the embryo, e. 
The embryo-sac is sometimes separated from the endopleura by a 
quantity of perisperm (Fig. 900, n), at other times it is incorporated 
with it. The embryo-sac exhibits peculiar tubular prolongations from 
its base and apex in some instances, as in the Eyebright.* 




404. The Embryo in its structure exhibits cells and spiral vessels. 
It consists of a general axis, one part of which is concerned in the 

ng. Ma. Venlcol section of Uie sctiene of tha HetUe (t^rfica), containing the tingle geed, with 
lt> InlegnmsnU or teaU, t. AS ontidde ' bekmgi Co tlie fHilt, wblch bean Uie penlclllal« Btigmi. 
It. The •eedliena.bBliieaRiicbedbj'lUbaM (otlie pluwnto. ind tu apei or foramen being U 
the oppodts BiEremltr, The ambrro la nmeeqDutly Inieitcd. aa its ndlele or bue, r, polntitnUie 
foramen, while EU apei or the cstjrledoiu sn at the baae of the aeed. Tbt radicle it called enperioc 
u it points hi this caae to tlie lammlC of the aeed-Tuml. There la onlj' ■ imall qoHUtlty et aepuau 
■Ibnmen. the embrro occnpytng nearly tlie whole Inteilot of tlie aeed. 

F^. «W. The leed of the WWte Water-lily {AyovA« olio>, col vettkally. showing the hit^n- 
mentfl, the albimiea and the embryo-aac, and the embryo. The greater part of the albnmen cr 
petiapemi la outMe the embryo-MC, bnl there Is some also within It, and galled endoapennlc. The 
rematna of the emhiyo-uc form the vlteUaa containing the embryo. 

Fig. 908. The seed of the Pansy (Viola tricoUrr) cut vertically. The embryo, pi, I* ul^. In the 
raldst of fleshy albnmeD. at. Tbe leed la anatropal, and the embryo Is onhnlropat, the cotyledooa. 
cm. point (o the baae of the nncleos or chalaia, ch, while the radicle, at the other eitremlty of the 
embryo, points tothe forameo, close to the hllnm, k. The hllum or baae of Ihe seed, and the chalaia 
or baae of the nncleDB. are united by means of tlie raphe, r. 

Pig. »9. Anatropal aeed of Barb«rry (Bn-Smi), with Ita erect or oithotropal embryo. Tlia 
cotyledons of the embryo show Tenation. aa lndlcal«d by the lines on tliam. The radicle or narrow 
flndofth6embryopohitalothomicropyle,olose tothehilnmorhaaecf Iheased,*, The embryo ii 

* See Tulasne, Eludes U' Embryogsnie Vegetale. Annates dea Soicnoea Nat, 3d ser. BotilL 31, Sil. 
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production of the root (Fig. 908, pi), and another in the formation of 
the stem {Fig. 908, co). The radicle or root-portbn of the axis 
alwaj's points to the micropyle of the Beed. Hence, in orthotropal 
seeds (Fig. 906), the embryo is said to be inverted, because its radicle 
points to the apex of the seed where the micropyle is situated, while 
in anatropal seeds (Fig. 909) it is erect. The axial portion of the 
embryo is provided with foliaceous or fleshy organs called seed-leaves, 
or cotyledons (Fig. 908, co), which serve a temporary purpose in nutri- 
tion. Their venation is seen in Figure 909. From the upper part 
of the asds, the stem called the plumule rises, bearing the ordinary, or 
primordud leaves of the plant. These separate parts are well seen 




when the young plant has begun to grow, as in Figure 911, where ( 
ie the general axis, with th,e roots r at the base, the cotyledons, c c, 

Hg. fllO. Th« embiTO of Uw Whltloir-graw (IJnli twiu), irlUi Its Buipuisoi. The embiyo. <, 
CDD^BU ot t, globBlw mug of »!]■ vhlch itiows the origiaul four divt^ous, eacb of nhScfa dirldei 
Into two, tni. by jiiMeMlTB wB-mnlUplkalion. tlie embryo is formed. Tbe luspenjor nntlau of ■ 
series of celJs, s, ending s lorne tdrminoJ niicleatdd cell, i, at tiie micropyle. TldB ceil is three tinia 

Fig. 9ii. Embryo of tbe Harirot {Piasalia tulgarU) ipTDiitlng, ihoHing Ibe ndicului portion, 
r, giiing off roots, the two cotyledoni or seed-leayes, ee,witb the portion of the aila, !, between the 
root and cotyledooB. The axis or plqmnle arise* ffom tietween the cotyiedonfl bearing the first 
ordioHT, or primordial leavt*, g g. Tbe antnyo is dkotyledononis and the cotyledons epigeal, 
appearing abore ground duiiDg sprouting. 

Fig. 8ia. Seed of the Scariel Pimpernel {JnagMU ortmiiit), cat vertically, showing the embryo 
witli Its two anjiedons and radicJe In tlie sils of albuoten. Tbe embryo Is laid to be aiile or axial. 

Fig. 913. Axial embryo of the Barberry {Burtarii), thorn III a vertical section of the seed. 

Tig. 914. Fmit (AchcoB) of the Dock {Bina), cut verUcaliy, ihowhig the embryo, pi, at one 
^de of the alboiDeii, ali. The embryo is said to be abuial or eccentric, and It la Bllgfally cnrved. 
The coTering of the frnll la marhed on ■ the stigmaa and styles, a, are altacbed lo It. AH within tbe 
pericarplal covering la the seed. The remains of the perianth or calyi are maAed c. 

Elg. 91fi. Seed of the Red Campion {Lfchnit). cut vertically, showing the periphorical em1>ryD, 
with Ita two utyledona and its radicle. The embryo Is curved ronnd the albumen, so that Its 
a*yicdons and radicle both come near the hilmn. The embryo is aometimei called amphltmpal. 
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above, and the plumule with the primordial leaves coming from between 
the cotyledona. 

405. The Embryo is Hometimes placed in tbe centre of the albu- 
men, or in the axia of the seed, and in a atiaight direction (Figs, 912 
and 913), it is then axile or axial; when not in the centre of the 
seed it is ahajnU or eccentric (Fig. 914). In place of being etraight 
it 18 often curved in various ways. This may depend on the curvature 
of the seed itself, as in tiie Snake-nut, and in Campylotropous seeds 
(Fig. 888, p. 297) ; or the seed may be straight, and the embryo 
alone curved. In the Chickweed order (Fig, 915), and in the Marvel 
of Peru (Fig. 916), the embryo is curved round the albumen, becoming 
peripherical. In other cases, as the Thorn-apple (Fig. 917), it is 
cuirved in a similar way within the albumen. In Orasses it is situated 
at the base of the seed, and outside the albumen (Figs. 846 and 848, 
p 283) In the Poppv, the embryo is m the axis, but is curved or 
arcuate (Fig 918), m Geranium, the cotyledons are twisted and 
doubled, m Convolvulus, they axe corrugated, and m the Potato and 
in Bunias (Fig 919), Ibey are spiral In some Cruciferous plants, 
the cotyledona are bent like a leaf folded laterally on its midrib, and 
they are then called condigibcate, and marked o^ , m other Cmciier- 







ous plants, they are flat, and the radicle is either bent along their 
edges, as jn Wallflower (Fig 920), and marked o = , or lies on the 
back of one of Ihem, as m Rocket (Fig 921), and marked o II , In 
the former case, the cotyledons are accumbfnt, m the latter, iTicumbent. 
Some authors speak of the position of the embryo, not merely in refer- 
ence to the seed, hut alao m reference to the frmt This is apt to 
lead to confiision A superior or ascending radicle la the name given 
by them when it pomts to the apex of the fruit (Fig 906, p, 302, and 
Fig 914), while an mfenor or descending radicle points to the base 

Fit Bia. The Hed of the Marrel of Pen (Miraiilii), eot Tertitally, showing the unphitropil or 
perlplisrlca] embrjo, inrrouiiillng the tlbameiL Tbe co^Iedoni and ndlcle an doe« to tbe hUnm, 

Fig. 91T. Curvefl embiyo of ths TbonupiJe (Vatura). with III Iwlrtrf radicle, la Ihlt coa the 
OBtojo dou not BOrround the albumeD, Irat la cnrred wilhlo It, The cotyledona and ndlcle point 
lo the hElum. 

Hg.Sie. VertkaIaectionoribaa»dor tbePoifiy (Ft^inHr), ibowtng tbeambiToliitbeulaaf 
Iba albamen, but iDghUy curved or arcuate (like a bow). 

FlrBlS- VertJcaliecUoiioftbeBeedof BimUa.wlthlls J^lral embrjo. The eotyledoiia, e, are 
rolled DpoD the ndlcle. r. In a ip\ni Diaimer i hence the name SpCrolobcn. 

Flg.BM. Tnwavone aectkm of the aeedof the Wallflower (CtrfroBttaa), Tbe ndide, r, li 
— ■-* mtbeedgea of Ihe ootyledona, c, wbloh are aaid lo be aodunbent TTie ndlcle la la^sal 
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of the &uit ; a centripetal radicle points to the centre or axis of the 
thiit, while a centrifugal one points in the opposite way. 

406. In some plants, the embryo is entirely cellular and has no 
cotyledons. They are denominated Acolyledonoua. They correspond 
to Cryptogamic or flowcrless plants. The embryo, in such caees, 
ie called a spore {Fig. 922). It gives off roots and stems from differ- 
ent parts of its surface, and not jrom any fixed points. It may either 
be regarded as an ovule remaining in a cellular state, or as a simple 
cellular embryo. It will be noticed when treating of the organs of 
Cryptogamic plants. 

407, Plants which possess cotyledons in their embryo (Fig, 923) 




are called Colyledonoua, and they are divided into those having two 
cotyledons, and which are called Dicotyledonout, and those having one. 



Fig. Ml. Trmiverm McUon of the leed of tie I 
DH thQ back of the cotyledoni, c, wbLcb on s^d to 
nune HotoAUflB. 

Hf . 023. Oellolu ipora, t, of Vaucberia, whlct 
cMyledoiu (acotyledoDoni), Tbere are no deSnita 



H conaLdcRd a coUular embiyo wltJiou 



) Fu (Pnun) laid opao to iboir Itj dM^mit paita. Tbli «pbr;o occupic* 
ed. II coMiitsoftwoflfahycotyJcdDii*, cc, the aula, /,iiiUilbei«dfcQlai 
dIu- end, f, ofteD called Ibe gemmule. The depreailoii In one cotyledon, 
oarked/. The embiyo la dlcotyledonoiu, and the coty lalonn lirebjrpc^eal, 



A dicoly1edonon» ombryo, In differs 






kllll 



ivold; enUrsee >UII more at S; and Kt * it preseuta trro diatinct ponloDa, a, tbe radicle 

iih. Ideal rcpregentallon of a dlcotyledonoiu embiyo or blfoUu pbyton, with its ridlculai 
11)', a, lu tffo mtyiedona. ie. with their ihealhlng bnaeg embndng the aifg. i,«idthepTliiBai7 

A dlcotyiedcmoDa plaot may be contend u compcaed of A aeriea i^ auch btfoUar pbyton* 
.928. tlowerof IumeiIa,apuasiticplanlfoundlnJiTa. The How«r la thnef^ in diameter. 

lu embryo baa no cotyiedoni. Hence Llnrlley calla it a Sponeen. 
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called Mimocotgledonoua. The former correspond with the Exogenous 
division of Phanerogamous or flowering plants, the latter with the 
Endt^enous. A dicotyledonous embryo at first appears in the IbnD 
of a cell (Fig. 900, e, p. 299), the production of which in the embryo- 
sac depends <m the application of the pollen to the stigma. This cell 
is nucleated, and developee others in succeBsion (Fig. 910, e) until the 
embryo assumes the appearance of a congeries of cellB suspended by a 
cellular filament (suBpensor), as shown in Figure 924, 1. The globular 
cellular mass becomes afterwards more elongated, and passes through 
the stages 2 and 3 of Figure 924 until it assumes the appearance seen 
at 4, having an oblong or cylindrical form, with one extremity, a, 
UDdivided, and the other, 6, lobed or notched. The undivided portion 
is the radicle (young root), and it may be considered as part of the 
rudimentary axis, from one end of which the roots are given ofij ^d 
from the other the primary bud or plumule. The split portion of the 
embryo is composed of two lobes or cotyledons, formed at one node, 
and placed opposite to each other. 

408. The cotyledons vary in their consistence, being sometimes 
leaiy, at other times fleshy (Fig. 923). They are sometimes so large 
as to form the great bulk of the seed, as in the Bean, Fea (Fig. 888, 
p. 297), and the Almond. They form the first bud of the axis, which 
may thus be said to consist of a radicular and cotyledonary portion — 
their point of union being the collar, neck, or crown. The part inter- 
posed between the neck and the cotyledons, which is often very short, 
is sometimes called the caulicuhia or tigelhts. The dicotyledonons 
embryo then is composed of two-leaves or two unifoliar photons, as they 
are called, united together so as to form one axis. The sheathing 
lower part of the cotyledons helps to form the cauhcule ; and from the 
axil of the cotyledons, or from the axis between them, is produced the 
plumular or gemmular bud (Fig. 923, g) which forms the stem and 
leaves. This embryo may be represented by the ideal Figure 925, 
in which b is the axis or tigellus, a, the radicular portion, connected 
with the soil and darkness, d, the two cotyledons, united at their 
lower part so as to form the tigellus, and e, the primary bud or plu- 
mule, connected with air and light. The embryo may be called a 
hifoliar phyton. 

409. Although this is the usual state of the embryo in Exogens, 
nevertheless, there are a few exceptions. In some Exogens with- 
out leaves, as the Dodder (Fig. 128, p. 54} and Eafflesia (Fig. 926), 
the cotyledons are also suppressed. The embryo of these plants 
{Fig, 927) has a resemblance to the spore of Acrogens- In Cone- 
bearing plants, as the Pine, Spruce, Fir, and Cedar, the cotyledons 
are split by collateral chorisis, so as to be divided into several ^Fig. 
928), and this has given rise to the term polycolyledonous applied to 
them. The cotyledons of the Geraninm and Lime-tree (Fig. 929) 
are divided into lobes. Accidental divisions are also seen in the coty- 
ledons of the Sycamore and Rue. In Schizopetalon and some other 
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to appear to be 



Crucifer«, the cotyledoDB are usually bipartite, 
four.* 

410. A mouocotyledoDOuB differs from a dicotyledonous embryo 




tig;. K». yig- KiO. Fig. 9S1. 

having only one cotyledon or eeed-leaf (Fig. 930, c). It is composed 

Tig. M7. AcotjIedonoM ombiys of tba Dodder (Ouailii). There ii ■ iltople threid-Uke curved 
arlt, bDt no cotyledoDi^ 

Fig. esa Polysoljrledonoiu embtyo of Iha Pine (n'nvi) bttJnnlng to ipront. The ulj, 1, ahowi 
Lfe ndlcolu portion, r, and cotfledoDuy portion, 0. Tbe cotyledooB. f, appear to be nnioeroiiB. bnt 
tbli li amoldsnd u being piodaced by (hs cliortrii or dlvlidon of tvo. WUiIn the ooly tedou the 
littmardisl 1*»ea ere aeen, coniUtutliiE (be plomids or Snt bod of the plem. 

ng. 829. Emlwyo o( tha Ume-lne (Trlio), wlih Ita ndlele, r, and lu palnutely flye-lobed 
GO^]edDna,c. 

Fig. V30, MonocolTlediHHiag embrro of tha Oat CJttna) opnnitiiiE. The ruUcolar eitnmlt; of 
the aila glToa off a nuintier of rootJeU, r, vUcb pan tfarough abeatha. co, ttaa alogle cotyledon la 
ma^ed r, the yoDog Btem ff- Tha edgea of the grain (earyopela) are mtirkad by tha dotted Unee- 

Ftg.Wl. Grain (caryopalB) of Wheel (TViiitM.) aptoBtlng. The embryo oecnpiea the lower part 
of the gnin, ff. The redlculAT portion of the axEa gives otf footM. r r. iridch pees throogh aheBlhs, 
te, while the primary hnd or plamnle. r, riiea with \te atnglo iheetMng cotyledon or wed-lobe. The 
embryo la monocotyladonoqii. The greml mua of the grain la made up of fulrucaoua elbnmen or 
perUpeno. 

locotyledonone or nnifolisr phyton. The iila, (, hu a 
, «. The cctytedon. d e, bee e abeAtbhig beae embrmdng 
ng olF the plumnlar bnd, e, fhnn ita uitl. A monocDtylednnotiH plADt may be con.- 
Bd of A aerlca of anch ptiytona. 



Sc. Nat. 3 ear. Bot. I. WI- 



omcdrea m lee embryou qi 
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of an axis (Fig. 931) having a radicular portion, t, and a cotyledoDary 
poition, (, and it may be represented by a single leaf or a unifoliar^A^ton. 
In Figure 932 is given an ideal representation of a monocotyledonouB 
embryo, with its tigellus or axis, S, having a radicular portion, a, one 
cotyledon, d e, with a sheathing base, and a bud in its axil, e, which risea 
as the stem. When this embryo is examined in the seed, it frequently 
exhibits no marked dirisiuns — the cotyledon being coiled ronnd tiie 
axis like a sheath, and embracing the plumule so as to conceal it. 
This is the case with the embryo of the Coco-nut (Fig. 904, p. 301), 
In some cases, as in the Ctickow-ptnt (Fig. 158, p, 67), there b an 
evident slit on one side of the cotyledon, indicating the point where 
the plumule protrudes when sprouting. Sometimes a monocotyle- 
donoufl embryo has more than one cotyledon. In that case, the 
second cotyledon alternates with the first, being produced at a second 
node, which is separat«d from the first by an int«mode. 

411. Transformations in Seeds. — Changes take place in seeds by 
abortion, degeneration, and union. There are few plants in which all 
the ovules become perfect seeds. Many are suppressed during the 
progress of growth, so that frequently one seed is developed at the 
expense of several ovules. Sometimes the seeds are converted into 
leaves. Brongniart has noticed this in a specimen of the Chinese 
Primrose, in which the anomalous seeds attached to the central placenta 
resembled the leaves of the plant In their form, while, at the same 
time, the parts of the calyx and corolla were elightly modified.* He 
has also described and figured the foliar transformation of ovules and 
seeds in Delphinium elatnm, Brassica Napus, Soapwort, and Scarlet 
Pimpemel.-t" Turpin has observed the seeds of Columbine, of Dutch 
Clover, and of the Carrot, transformed into leaves. Monstrosities some- 
times occur by the union of seeds. 

412. There is usually a single embryo in each seed, but cases 
occur in which a plurality of embryos is produced. This is a very 
common occurrence in the Orange, Gycas, and Cone-bearing orders. 
In the case of the two tatter orders, the saspensor often ramifies so as 
to produce nnmerous separate embryos on its branches. These em- 
bryos are frequently abortive. In the seed of the Fir there are 
certain cellular bodies, called corpueoles by Brown, which give ori^n 
to filaments by which the embryos are suspended. These may be 
said to resemble the large ceil at the upper part of the suspensor in 
some Cruciferous plants (Fig. 910, c, p. 303), Accidental union of 
embryos also takes place. De Candolle observed double embryos in 
the Cress, and in species of Spurge and of Mustard. The appearance 
of three or four cotyledons in the seeds of some species of Solanum 
and in the Haricot, has been traced to a union of embryos, and not to 
a chorisis of two cotyledons. 

* Anoalu d« Sckncei NaL ed ler. I. ilD. 
t St* RronBtilut mr HonatnuitiUi V«g«t>le>, hi ArchlTa dn HsHuin, It. 43. 
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413. Recapitulation of the chief facts relative to the Fruit, Sued, 
and Emhryo : — 

1. The Fruit comista either of the ovary alone amved at matarity, or of tlie ovaiy 

combined with the braita, ealji, or other floral envalopei. 
3. The Fruit maj be formed by the parti of a eingte flower, and then It is Simple or 

monanthODB ; or by the parts of several flowers united, and then tt is called Hnl- 

tiple, collective anthocarpons, or polTanthoiis. 
3. Tlie parts of a mature ovary are the Periiarp or Inlegnmenta, and the Seed with the 

Embryo. 
i. The Peiicarp conalata of on outer coTeripg c&Uod Epicarp or Exocorp, of an Inner 

called Endocarp or, if stony, Putamen, and occaaoiially of a distinct middle coat 

called Meeocarp or, if fleshy, Sarcocarp. In some instances, a spedal covering 

exists In the form of an aril, wliich is either fiinieulAr or mleropylar. 
6. Climges take place En the ovary while becoming the fruit, by obliteration of parts, 

by the growth of cellular tissue, and by foldings and partldone of different kinds. 

In order to know Catty the structure of the ripe fhiit, reference must be made to 

the ovBiy in its young condition. 

6. Fruits, when formed of one caq>el, are called monocarpellsiy ; and when of more 

than one, they are polycarpellary. Sometimes the terms bicarpellary, tricarpellary, 
letracarpellary, and pentacaipellary, are used to indicate friuts ftirmed by two, 
three, four, and five carpels. 

7. A monocarpellary fruit, and polycarpellary fruits with distinct and separate curpels, 

are called Apocarpous. Fruits in which the carpels are united by Ih^ ovaries, 
or by their ovaries and styles, or by thtdr ovaries, styles, and stigmss, are called 
Syncarpons. 

8. The number of carpels in a Syncarpons fmit is indicated usually by the number of 

partitions in the ovary, or by the number of styles and stigmas. 

9. When the parUtions (septa) extend to the centre, the number of loculaments will in 

general point out the number of carpels in a Syncarpous fruit. 

10. A Fmit is unilocular, bilocular, tiiloculsr, quadrilocular, quinquelocular, or plurilo- 

cnlar, according as it has one, two, three, four, five, or many separate cavities in 
its ovary. A unilocular fruit, however, may l>e composed of several carpels, the 
parUtions between which are parietal only. 

11. Fmita are either Dehiscent or IndehiscenL In the fbrmer case, they fall to the 

ground without opening ; in the latter, they open to scatter the seeds. 

12. Monocarpetiary Fruits dehisce usually by tlieir ventral or dorsal suture. PolyCM- 

pellaiy Fruits dehisce in a septicidal, locnlicidal, septifragal, circnmscissile or 
opercidar, and porous manner. The parts which separate are called valves. 

13. Fruits are either Dry or Succulent. In the fbrmer, the parts of the pericarp are often 

confounded together, while in the latter, they are frequently separable. 

14. Fruits containing one seed are mouospemuc, those coutaining two are dispermic, 

many, polyspermic. 

15. Monospermic diy Fruits are often indehiscenl, and are apt to be confounded with 

seeds, and may be dislingoiBhed by the presence of the stigma. 

16. When Seeds are contained in an ovary, as is usually the case, the plants are called 

Angiospermous ; when the seeds are not, contained in a true ovary witli a style 

or stigma, then the plants are called Gymnospennous. 
IT. The seed is attached to the placenta by the funiculns. The organic base of the seed 

■ is the bilnm, while the organic apex is the micropyle. 
18. IJke ovolca, seeds are orthotropons, campylotropous, or analropous. In the last, the 

preacnce of a distinct chalaza and raphe indicates their nature. 
10. The Integuments of the seed are called Spermoderm, and consist usually of two 

parts — the Episperm, Testa, or Eiosperm, and the Endopleura or Tegmen. 

Occasionally, a middle coat or mesospemi is present, which, when fleshy, receives 

the names of Sarcosperm or Sarcoderm, 
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20. The Seed conUtiu Ihe emb^}^> utber (done, or with a 

ra31eA Feriapoim or Rlbamen. In the f 
the hater, albninlDOus. 

21. Seeds usually cootaiu one embryo, and axe said to be iiiaaembi7onouB ; but in 

occur in which serersl cmbrTOS exist in a seed, anil it ia then ssid to be polfem- 

bryonoua. 
32. The sat! of the Embryo sometimes continues distinct in the seed m the form c^ a 

Titellus, and the albumen is eithei deposited outside the sac (peiispermj, oi inaide 

the sac (endosperm), or in both situations at once. 
S3. The Embiyo consists Of an axis, the lower extremity of which ia the radicnlar por- 

Uon or radicle ; the upper extremity is the colyledonary portion. From the axil 

of the cotyledon oi cotylodons the first bud, called plumule or gemmnle, pioceeda. 
21. The Radicle Or bsse of the embryo points to the micropyle. In ortbotropal seeds 

the embryo is inverted, in anatropal seeds it ia erect. 
26. The chalaial end of an anatropal seed corresponds to the colyledonary extremity of 

the embryo ; the toniculsr end of an anatropal seed to the radicle of the embryo. 
36. The Embryo occupies different posiUons in the seed, being either la the centre, or at 

the side or at the base of the albumen. It ia also either straight, or carved or 

twisted in different ways . 
ST. An embryo with two cotyledons is Dicotyledonous, and ia met with in Esogcna ; ait 

embryo with one cotyledon is Monocotyledonous, and occurs in Endogens ; while 

an embryo without cotyledooa is Acotyledonous, snd is found in Cryptogams. 
28. A HonocotyledonooB Embryo ia composed of a nnifoliar phytcn ; a Dicotyledonous 

embryo ia composed of a bilbliar phylon ; while an Acolyledonous embryo is a 

cellular leafless phytoa. 
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CHAPTER IV. 

NUTBITIVU AND REPRODUCTIVE ORGANS OF FLOWERLESS PLANTS. 
I. GEHBRAL EBMAEK8 ON THESE ORGANS. 

414. Although allusion has been curaorily made to these organs 
in the foregoing pages, still it seeniB necessary to g^ve a fuller and 
more connected view of them. As regards elementary tiseues, Flower- 
less or Gryptogamic plants are composed either entirely of cells, as 
occurs in Sea-weeds and Mushrooms ; or of celts and vessels united, 
as seen in Ferns, Mosses, and their allies. The vascular tissue con- 
sists chiefly of pleurenchyma (Fig. 45, p. 23) witli closed spirals, 
annular (Fig. 66, p. 28), and scatariform vessels (Fig. 68, p. 29). 
In the simplest plants, as Protococcus (Fig. 933), the cell performs 
all the functions necessary for the nourishment and reproduction of 
the plant. In the more complicated Flowerless plants, there are some 
organs specially adapted for nutrition or vegetation, and others for 
reproduction. Between the Protococcus, a simple cell with thin 
transparent and colourless walls, and the Tree-fern (Fig. 934) and 
Pepperwort, with stems and leaves, there is a wide difference. Never- 
theless, they are united by intermediate fonns. The permanent 
organization of some Cryptogamica low in the scale is only the tem- 
porary condition of higher tribes. 

415. In Ferns, Pepperworts, and the higher Cryptogams, there 
are roots, conspicuous stems, and leaves, for the purposes of nutrition, 
and certwn special organs destined for reproduction. Ae these tribes 
produce a foliaceous axis or corm, they are denominated Cormogeits 
or Cormophgtes (Fig. 934), and when their stems are woody, they 
present the acrogenous structure as described in paragraph 136. In 
the lower Cryptogamics there are no true roots, nor stems, nor leaves, 
and theb nutritive and reproductive organs are frequently assimilated. 
These tribes, from having no foliaceous axis, hut simply a cellular 
expansion, have been called Thaihgens or ThallophyUs (Fig. 935). 

416. In the lowest plants, a few simple cells, either separate or 
combined, perform the part of nutritive organs. In the case of t!ie 
Protococcus, the plant of Bed and Green snow (Fig. 933), a rounded 
cell constitutes the whole plant ; in Oacillatorias, the cell is elongated; 
in many Confervas, a congeries of cells is united in a single row ; and 
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iu certaia Algse (Fig. 936) and Moulds, the ctillularfilameDts or threads 
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pve off branches. The vegetative system of Fungi consiBtB i 
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colourless filaments (Fig, 937, m) called mycelium, the cells of which 
ciontain no endochrome or coloured particlee. Theae filaments are 
either in tte form of continuous canals, or they have partitions, bo as 
to appear in the form of septate tuhes. In Lichens and maqy Sea- 
weeds, the nutritive organs consist of a series of cells united, so as 
to produce a flat expansion or tkallus (Fig. 935). This thallus varies 
in colour. It is red, for instance, in some Sea-weeds, and green in 
others. The structure of the thallus is either homogeneous, as in the 
lower Algte, or heterogeneous, as in the higher Algfe, In the latt«r case, 
there may he diBtinguished different cellular strata called estemal or 
cortical, internal or medullary, and intermediate or subcortical. In 
Ferns, Pepperworts, Clnb-mosses, and Mosses, the union of cellular and 
vascular tissue gives rise to a more complex form of oi^anizatioo, 
resemhhng very closely that of Phanerogams. The nutritive organs 
of Cryptogams produce frequently peculiar buds, gemmm or innovations, 
aB they are called, which are capable of being detached from the 
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plant, and of fonning new individuals. The integumentary covering 
of Cryptogams is sometimes only of a cuticular nature without stomata, 
as in AlgK, while at other times it is epidermal and bears stomata, as 
in Ferns, Mosses, and Liverworts. 

417. While the nutritive organs of Cryptogamic plants thus bear 

Fig. fi38, RDnnd spore of a Fern {fUrit longijolw). It hu a double arwrriag. The entec layer 
la muked witb Uiree Un<?i. 

Fig-. 839. EUlpUcil (pore ot Ibe Brittle Blidder-t^m {CyitOfterU fragilii'i. The outer coi'riclDe 
li marked iHth polnlid projecOonB. 

Fig. MO. Sporidinm of a Lichen, containiag tne cellg within a common corcrlag. Some Ihl]ik 
ebU ttaeie two cells conjugate and give rise to a idibs of Bpores. The iperidiura. nhea complete, 
oAeu cooUUns mmierDOB smaU cellules or gennlnatine Bpores. A spoildlum nilh two cells, anch u 
repreaented in the figure, is lomelimei called a hiapcre. 

capable of propagating the plant when they ate dlachaiged ^m tbe niottiet-<^L Thli 1b one of the 
timpl«Bt known pUnta, being compoBed of a ^ngle ^1, which periOrmBtliefiuictloaBoruatrjlleD and 
of leprcductlen. 

Fig. Ma. Vertical lecUon Df the trnetmcatlonof a FnDgna(P«uii). II cousieta of thecE or bags, 
lec. eadi eontalslDg eight nndealed cella (Sporldii). Ahing with the Ihccs ue fiJamenli called 
puraphysefl, par- 

Flg. MS. Theoa or aacva, (. of a Llohen, with nucleated cells (Spsridla) hi its interior. Ahmg 
wltb It are paraphyaes, f. 
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a greater or less resemblaace to tliose of Phanerogams, the case is 
ver; different with the reproductive organs. Cryptogams have no 
flowers and no trae seeds; they are propagated by cellnlar bodies 
denominated ^ores (Figs. 938 and 939), which are cells capable of 
sprouting and forming new plants, and which some have called cel- 
lular embryos without cotyledons, or leafless phytone. The plants are 
consequently Acotyledonous {^ 406). The origin of these spores is 
very obscure, but they appear to be formed through the medium of 
certain cellular organs of a reproductive nature. 

418. The term Bpore should be confined to the ultimate genuiuating 
cell of CryptogamicB. It is frequently, however, applied to tbe cell in 
which the true spores are formed. Hence spores have been called 
mmple or compomid, according as they are formed by one or by several 
cells. The term ^oridium is applied to the compound spore of 
Lichens. Thos, in Figure 940, tiiere is a aporidium containing two 
cells, wbi)e in Figure 941 there is a mother-cell, which divides flrst into 
two and then into four germinating cells. WLen the cells are numer- 
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ouB they are either placed end to end, so as to be in the form of a 

septate or partitioned sporidium, or they are accumulated into a maea, 
called a cellular sporidium. The latter is often the advanced stage of 
the former, as seen in Lichens. In simple spores, the walls are either 
simple, as in Botrytis, or doable, as in Ferns. 

419. Spores are developed either in the interior of the cell which 

F)g.9U. CliiTstsceUii1u'ai!iinein<>(uiAlgB(r<iM>(mgtiiirl«). TbetsnnliKtpiIrtlanbHomci 
•eparsWdftmnlhcrenbyii partition. In UiIb poitloo Ihe ilngto ipon. ft li doyetoped, whlth li «». 
diBTged throD^haD oppnin;, hb Kim Id theflgnn. TbB ipore hu dlla, by muDB of which It mord 
about for lome time In waUr after lielng Mparated from (be partnc ctHl. The hiwer part of tbB 
flUmenl contBlM greeji endoclirome. The apott i« of » Tery dark green cohnir. 

w gill of » Muahroom (Agaricia eampalrii), cat trajUTHWly, 



I, 2f 3, add aapportfd on caUh called basidla, bat. 
1 eioaporea. und tha pl&nt li tmridloaporoiu. Th 
Cl called cjBtldln, ryt. The cellg forming the hji 



Lo epomaare aznmged InfOura, 



r gill of tbB Huahroom (^gancui camfalrit), c 
Tbe HymcnioiDf A, haa a layer of cella balov It caUed the aah 
re on Itae outilde of a cell called bagldiuin, t, and the iporea ar 
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^veB origin to them, or on the outside of it. In the former case, they 
are called Endospores, in the latter, Exogpores or Gt/mtiospores. In 
ProtococcnB (Fig. 933, p. 312) and in Mueor, the fructification consista 
of numerous spores in the interior of a mother-aac, more or less spheri- 
cal. In Palmella (Fig. 941), the mother-cell contains two or four 
spores. In Pezizas (Fig. 942) and Lichens (Fig. 943), the sporidia 
(or cells containing' eporos) are usually four, six:, or eight in number. 
In Vaucheria, only one spore is produced in the mother-cell (Fig. 
944, a), while in Lavers, BNici, Liverworts, MoBses, and Ferns, the 
endochrome or coloured matter filling the mother-cells divides into 
four parta, each of which becomes a spore, thus resembling the pro- 
duction of pollen-grains in Phanerogams (^ 306). The large cell, 
containing one, four, ais., eight, or numerous spores or sporidia, receives 
the name of Theca {Fig. 942, tec). 

420. The exospores or naked spores in the Yeast plant, and 
in Monlds such as Aspergillus and Penicillium, consist of elongated 
filaments which are formed by a series of cells placed end to end. 
When ripe, the cellules separate. In Botrytis and Isaria, a single 
spore only constitutes the eiospore, while in Cantharellus there are 
two, and in Agarics four (Fig, 945, 2, 3). Leveille called the mother- 
cell, on the exterior of which one, two, four, or many spores are formed, 
a baaidium (Fig. 945, has). In Agarics, the basidia bearing four 
spores at their extremity are in general united together so as to form 
a tissue called kymenium (Fig. 9i6, A). In Lichens, Sphierias, and 
Peaizas, the thecw containing four, siz, or eight spores or sporidia 
placed one above the other are often separated by filaments called 
paraphyses (Fig. 942, par), and the united thecte and paraphysea con- 
stitute the hymenimn. 

421. The hymenium or the spore-bearing surface is placed on the 
tissue forming the cortical or medullary layers (strata) of the plant. 
These strata, sometimes called generically the exmpulum, may be flat, 
as in Usnea, and then called apotkecium, or hollow, as in Peziza, and 
then called receptacle ; or they may form a closed cavity with an opening 
(ostiolum) only at one part, and then they are called a conceptacle or 
perilhecium. Conceptacles, when united together, are sometimes Bur- 
rounded by a general covering to which the name of peridhim has 
been given. The mass of conceptacles, whether free or united, and 
enveloped in this peridium, have been sometimes denominated gltha. 
The peridium is sometimes formed of two membranes, as in Geaster, 
the outer one of which splits so as to allow the inner to appear, and 
the latter in its turn opens at a fixed point to discharge the spores. 

422. In Ferns and Mosses, the hollow cavities containing the 
spores receive the name of sporangia or spore-cases. They are situ- 
ated either at the extremity of the asis (Fig. 947, s) or in the axil of 
leaves, or on the back of leaves (Figs. 948 and 950). In MoBses, 
certain cells occupying the centre of the sporangium are sterile, and 
unite ia form a central column denominated columella. In Salvinia, 
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tlie sporeB are fixed to a kind of placenta bj a cord, and the mem- 
brane enclosing them has been called a sporocarp (Fig. 951). 

423. In some instances, certain minate cells are produced called 
sporuUt. They are met with in some of the rose-coloured Sea-weeds 




iind in Marchantia (Fig. 949, g). They are capable of reproducing 
the plant, and are looked upon by some authors as forms of buds or 

Fig, M7. PrulUn^ sUlk of HsIc-miiH {PolnincliUm). The ieiaa ire Bvl-sbaped (sobnUts). and 
iranged iltenuleLy . The Kta at lUlk riKi iioat leaves called peilchaUil. The lUlk bu ■ sbeilb 
Lt Itabftae; at lliape:ils the sporon^um, '. fl^apD^e-caBe,1vhichl4a]11l^|.BllapedBpaIi]e^>1u(BpoIe- 
leH^E^g) bflff, having a Ud or Dpercnlmn at Ita iumniLt. This Oidt-bearii^ Btalk arou from & cell at 
he plitUlldlum atter ImptegnotloD, and It la con^dered aa an instance of alternation of genetationa. 
The (ractl4e«lou, as seen in the flguie, \t the Miond generation, and diflUs iDtallj from the firat. 



n-potKcro 



Tl (WipJ 



Is called don 



Fig. ^49. Portion of the tlLalloa, I, of lAverwott {MarirhaTitia patyrnorf ha). i>om the thaUna arisa 
a stalk, 3, bearing a peltate receptacle, r^ contHlniog aiitliet!dla In ItB substance. At anotber part of 
the thallDS Is a cnp-blw body, g, containing small rounded ceUa, called by some spondes, md by 

do not seem to be developed by a proceBS of repn>luctlon. and thus Uiey reKmble bods ; bnt they 
differ Itom the latter In being produced In a ipecial organlBm. 
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bulbils. They differ from the latter, however, in being produced in 
Bpecial organiwnB. They appear to occupy an intermedial* poeition 
between buda and spores, resembling the former in not being deve- 
loped by a process of reproduction, and the latt«r in being contained 
in special organs. 

424, Spores are generally regarded as being produced by the 
agency of certain organs equivalent to the stamens and pistils of 



n»IEO. Kg. Ul. ng. »S3. Fi;.964. 

Phanerogams. These organs have been demonstrated more or less 
completely in all the orders of Cryptogamic plants, and they have 

Ftg. 950. MBtore aponngliiin of the Mole Fem (Lastns Fmx-mng). n ^b aoppartcd on ■ stalk, 
f, Kane or tbe »lli of which tOnn u elude ifng or uiddIiu, a, rauncl the >piire-Q>». The iiwn-caH 
open* It the aide lo ditcbarge Iht iporei. 

F1g-9G1. Sporocarpor invohicro of SalvlDia, ihoiFlqg larf^ peBr-shaped eporei hi one cavity, b, 
attuAcd to a placenta, and imsller spom (probably antberldli). In another cavity, a. 

Fig. 862. VerUcal wcUoo of a portion of the peltate reeeptacla of Liverwort {VarcAaniin), 

there are alt civltiei. c e, cMiniimlcAlbig with stomata, > >. 

ng. SM, FlMinidlmn of Uierwort (JfareMnfii). aumunded by its ceUular covering, b, and by 
Hptate fllamenta called panphyaefl, c ; and sormonutad by a Btyle-Uke calyptra, a. 

tig. 9M. Plant of HBirmoai (Fs^ilrichum), bearing at Ita nuntnlt antheridls, o, which are 
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received the names of anthertdia (Fig, 952, a), and piatiUidia or 
archegonia (Fig. 953), the fonaer representing the stameos or the 
male, the latter the pistil or the female. The antheridia were early 
noticed by Hedwig in the case of MoBses, and their presence has of 
late years been detected in nearly all the Cryptogamic tribes. 
In all Cryptogams with distinct steins and leaves, as Ferns, Horse- 
tails, Club-mosses, Pepperworts or Bhizocarpa, MosseB, and Liverworts, 
bodies called antheridia and pistillidia have been demonstrated. In 
MoBsea (Figs. 947 and 954) and in Liverworts (Figs. 949 and 955), 
they occur on the fully developed plants. In Ferns and Horsettuls, 
they are seen on a cellular structure of a leafy character, called the 
pro-embryo or pro-thallus (Fig. 956) developed from the spores. In 
some Mosses, the antheridia and pistillidia occur on difTerent plants 
(Figs. 947 and 954), which are hence called dicecious. The union 
of fiie two appears to be required for the perfection of the spore or 
cellular embryo. 

425. In antheridia, there have been detected moving filaments to 
which the name of phytozoa or spermatozoids has been given (Figs. 
957 and 958), These filaments do not germinate. Phytozoa have 
been detected in Charas, Liverworts, Mosses, Sea-weeds, and Fungi. 
In the first three, the phytozoa are in the form of small vermiform 
filaments swollen at one extremity, and having two very long and 
slender threads at the other (Fig. 959). Each phylozoon is formed 
in a special cell, is rolled upon itself in a spiral manner (Fig. 958, 2), 
and escapes either by a pore or by a dissolution of the wall of the 
cell. In Sea-weeds (Fig, 960), the phytozoa have the threads pro- 
jecting from either extremity of an obovate body. In the thews and 
sporangia, also, of many Cryptogamics, certain moving spores have 
been observed, furnished with vibratile threads or cilia (Figs. 961, 
962, 963, and 964). These spores have been denominated zoospore* 
or sporoioids. Their motions seem to be connected with vibratile 
processes which vary in number, and which proceed from different 
parte of the spore. In Figure 962 there are two filaments at one 
end of the spore, in Figure 961 four, and in Figure 963 many; while 
in Figure 964 the filaments surround the spore completely. These 
spores move about in fluid until they begin to sprout, at which time 
the motions cease and the cilia disappear. 

426. It would appear from recent researches that many spores, 
when sprouting, produce organs which resemble the permanent state 
of other Cryptogams lower in the scale. Thus Mosses, when germi- 
nating, exhibit elongated greenish filaments in every respect analogous 
to Conferva. Ferns in their infancy resemble completely the adult 
Liverworts, having a green flat pro-embryo like the thallus of the 
latter (Fig, 956). The pro-embryo or pro-thallns afterwards gives 
rise to the proper stem and frond of tlie Fern. The membranous 
thallus is a permanent state of the Liverworts, but a transition state 
of Ferns. The higher Cryptogams would thus appear to pass through 
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a pro-embryonic or pro-thalloid state, and it ia oftea in this condition 
that the antheridia and arohegonia are seen, which are considered the 
organs of reprodnction. These organs, when existing on the pro- 
thallus, do not at once ^ve origin to a germinating spore, but pro- 
duce a cellular body from which, at a future period, the fructiferous 




Kg. M9. Fig. w 



or fmit-bearing frond arises. There seems to be an alternation of 
generation in these inatanceB. In the first stage, a thalloid expansion 

Itg. 8S6. Put of the thillui, I, of Uvernort (mrcixtlia), beuiag ■ ilalk, t. vhtcb ead> lu a 
divided tAcepcuJfl, r, on tha under aarfaca of which eafs couuldlng aporea and «Uten Jire prodacAd. 
"Iblt l> coDildeied a female plant, bearing iditUlldla only, vhile. In Figure 94S, a male plant U 
repreBeated. Henc«, the plant ia aidd to be dlmcloni. 

ng. 856. Spore, j, of a Tern (Plrrii loxgi/oliii) apronlbig, giving off a root-like procesa. r. and a 

piiUUidla an Mid to occur. A cell of the latter la aflem-arda developed hito a frond bearing aporangla 
and aporei. It la uld to be an Inilance of alternation of generaHona. The platllUdlan Imtj la 
Mmetimea called the ovnle. and the developed cell la called the me of the ombryo. 

apermatozolda In lla cellulea. 

ng. «8, Antherldlnm. 1. a, of the Halr-raoH (Folylriclam), conalKIng of ceUnlea. S, contain- 
ing pfaytOEOa coiled op in theb'lnterlor. TlLe phftozoa have a thickened extremity, whence proceeda 
B tapering taa-llke pmceia. Along vrith theantherldlmnare two aeptate Blamesta orpaiapbye»,f. 



Fig. «0>. Antlwrldlun of a Sea-wt 



It haatwolongvlbiWIle 
ling two of the phjtoioa, 
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is what the spore produces. Thia is the first phase of existence. The 
pro-thallua then gives rise to the aeit stage, in which sporangia are 

produced with spores in their interior; this constitutes the second 
phase of existence. These phenomena have been particularly observed 
in Ferns by Suminski, Wigand, and De Mercklin.* 

427. In reviewing what has been recently done in this interesting 
department of Cryptogamic botany, Henfrey gives the following state- 
ments : — The antheridia of Mosses (Fig. 958), Liverworts (Fig. 952, a), 
Ferns, and Horsetails, agree with what authors called the small spores 
in Quillwort, Fillwort, and Salvinia, in producing cellules containing 
ph}iozoa or spiral moving filaments. These antheridia constitute one 
of the sexual organs. The piHtillidia of Mosses and Liverworts (Fig, 
953) agree with the so-called omdea or peculiar spores of Ferns, Horse- 
tails, Club-mosses (Fig. 965), Quillworts, and Bhizocarps (Fig. 966), 
in general structure and in the presence of a large cell, called the 
embryo-sac by some, from which the new form of structure originates. 
These pistillidia constitute the second sexual organ. 

428. In Mosses and Liverworts the antheridia and pistillidia may 
be considered equivaleul to the stamens and pistils, the sporanginm 
being the fruit ; or we may, with Hofmeister, regard it as an alter- 
nation of generations — the pistillidium being considered an ovule 

\ 




producing a new individnal (viz., the sporangium) of a totally dif- 
ferent character from that developed from the spore (viz., the leaiy 
moss-plant, in the usual acceptation of the term). In Ferns and 
Horsetails, the spores produce a frondose structure of a definite form 
(pro-embryo or pro-thallus), upon which are developed antheridia and 
pistillidia, or ovules of some authors. This seems to be one generation 
completed ; and the new development from the so-called ovule appears 
as a totally distinct form, producing stem and leaves, which have 

ng. H9. Zoo^un oT an Algi (Oon/eni glomtrata), with tno moving dlU at one end. 

Fig. MS. Zooipore of an AlgK. wllb i tnft of cUUi at ooe end. 

Hf. 9M. Zooapore of an Al^a IVimckmii) wrniiuidetl h; moving dlls. 

Fig. S«E. Larger apciK* of Clob-moaa iLtieefodium). incloied In u InTalncn. It ia Hmelinicg 
colled tn oophorl^^om In cObMqdence of coDtJIbilDg germi n at in g ZhhUcj (ovulod). It It coneldered aa 
repnaeotliig: tbe (Unale organ. The Iniolucre opena truiBVeraely to dipclurgethe gporeg. 

Tig. MS. Ovale or apore-cue of P^perwort (Jfurnlu), containing a tingle gEnoiiiatlng apore. 
Tberv la a little pn^Jectlon or ■^■■"■"'i'" at the a nttiml t, whence the roota and leavca proceed during 



■ Lewciyc-SamlnBtl Zur Bntwlckelonge-grachlchte der Virriikiiular, Beriln, 
in. dea St Nat, 3d Set. But. il. lU. Wlgmd, Znr Kntwlckelunga-gcactilchle di 
tan. Zeltmig. 1S4B; al»Ann.de>8c.Nat. 3d Ser. BdI. il. 13a. Ree alio MerckUn, 
dcm Prothnlllum der Farrnkriiqter, 18B0. 
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a distinct individual form and structure, and produce the spores after 
along period upon temporary parts of this Btnicture (i.e., on the 
leaves), and hj no means cease to exist when these are matured. 
This is then a real alternation of generations. Ho&neister compares 
the whole permanent plant of the Fern or Horse-tail to the sporan- 
pnm of a Moss or Liverwort, Tlie pistillidia of Mosses and Liver- 
worts are considered by him the analogues of the so-called ovules of 
higher Cryptogams, while the sporangium is considered as the ana- 
logue of the perfect plant of Ferns, and the leafy stem as the analogue 
of the pro-embryo of Ferns,* 



II. NUTRITIVE AND REPBODUCTITE ORGANS OP DIFFERENT 
ORDEES OF CRYPTOGAMIO PLANTS. 



1. Oeoans op Feknb and thbib Allies, 

429. Ferm or Fiiices are composed of cellular and vascular tissue. 
They have roots, leaves, an acrogenous stem, and an acotyledonous 
embryo. The stem or caudex either rises conspicuously into the air, 
as in the case of Tree-ferns with their elegant foliage (Fig. 967), or 
it appears as a rhizome running along the surface of the earth or 
under ground, as seen in the native Ferns of Britain (Figs. 968 and 
969). The stem contains vascular bimdles consisting of woody, 
dotted, annular, closed spiral, and scalarifonu vessels (Fig. 970). 
The last are characteristic of Fern structure. These vascular bundles 
are arranged in a peculiar manner, as shown in Figures 971 and 972. 
In the former figure, which represents the section of a Tree-fern 
stem, the woody tissue or pleurenchyma, ^ is of a dark colour, and 
surrounds the other vessels, v, which are of a pale colour ; the paren- 
chyma is distributed partly in the centre, m, and partly at the circum- 
ference, p, and the bases of the leaves, e, form an external covering. 
The appearance presented by the vascular bundles, /, of the Male 
Fern is shown in Figure 972. In the case of the common Brake 
(Pteria aquilina), the arrangement of the vascular bundles, when the 
stem is cut, gives an appearance resembling a double eagle, and hence 
the specific name. 

430. The trunk of Tree-ferns is hollow when fully formed, gene- 

■ FtT fuller deuilB on tbe lubject, ie« Henfrey^t Report od CiyplofBu:^ Reproduction, li 
iDgiuDlc plants wnault Tayer, Botunlque Cryptogamique, FBrli. ISSCt See ■ 
HotaelBler, UntereuchmiBen dcr Kelmui^. EntfaltnilB gnd FruohtbUdung hihei 
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rally simple, aometimes dichotomona, haviog on the outside leaf-acarg 
which display the markings of the vascular bnndles (Fig. 973 and 
Fig. 204, p. 93). The external surface of the stem, especially at the 
lower part, is often covered by adventitious or abnormal roots (Fig. 934, 
ro, p. 312). The stem is formed by the union of the bases of the leaves, 
which carry up the growing point with them, and in this way the 



stem increases by additions to ita Bummit, or is acrogenoua (^ 136). 
In consequence of this mode of growth there is little increase in 
diameter. 

431. The leaves which are called fronds are produced at the 
summit of the stem (Fig. 967), and they form a very graceiiil crown 
or coma. In the young stat«, they are rolled up in a circinate 
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ae to resemble a crosier (Figs. 974 and 968,/}. They 
consist of veins and parenchyma, the former being nsually of eqnal 
thickness throughout, and divided in a forked (furcate) or reticulated 
manner. The epidermis has stomata, but they are not very numer- 
ous. The fronds bear the fructification. In some instances, they 



produce bulbils or gemmte, which, when Eeparated from the plant, 
take root and give rise to new individuals; such Ferns are called 
hulbiferous or j/enimgjarotis. 

Fig. 968. A BpedM at Splctmron {AipUmtm). 1, Slunri th« ihiiome. r, covsred wlUi Ibe bawa 
of (he leiTU (bcndi), and gtvlng off n»li ; •ome EtnidB In bsd, /, KiU«d np in ■ drdnate muiwr, 
olben expanded, g. bearing tb« froctlAciitkiD 2 * portloa at a frond lepanted lo ihoir the Uneur 
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432. The Venation of Ferns sTipplies important characters in 
clasBificfttion, as has been pajlacularly shown by Mr. Jobn Smith of 
Kew. The veins, according to him, are either produced equally on 




m 




both sides of a midrib, or they radiate from near the base, the midrib 
being evanescent {Fig. 975). Sometimes the primary veins proceed- 

Flg.MB. Short-(hiIlEaBplt!ai>iortorLady-fUiiU«tyrJvi>>fmE-/tcx>i«). 1, Tbe entire fem wlih 

mumer ; Q, one of the ^niue. with Its plDDUlc*, beutDg tliA oMdd( BlIghtly-cDrved aori (dnBtera of 
■porugla) on tbdr back- The fern U dor^«roiu. 

Fig. 970. BoUnrifonn tebsoIi taken fnm a TrHr-tan. They ha™ a prismatic toira. and an 
malted by bari like the lUpe of a laddei. 

Hg. 971. Tniuvene section of tb« atem of a Tree-Am (Cytllna-). ibowlng the amnftemenl of 
th« cellulu tlsme and Taacular bundlei. The ^xllalar tiaine of the centre, n , Uiit a( the clr- 



d'fent {Lattrfa Filix-miu), il 
g. 973. Bifurcating (forknl ( 
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ing from the midrib we simple, at other times forked, the bifiircating 
brani^hes ninaing nearly parallel (Fig. 97G). Sometimes the veins 
coming from the midrih give off in their turn secondary veins, either 
simple or forked (Fig, 977). In these bipinnate forms of venation, 
the secondary veins occasionally unite at their apices, so as to form a 
sort of intermediate vein more or less complete, and parallel to the 





primarj' ones {Figs. 978 and 979). The secondary and tertiary veins 
sometimes anastomose, so as to form an angular net-work or reticu- 
lation {Fig. 980). The veins coming off from the midrih in Figure 

F^. 975. VetuCloD of Fenu, In wblch the primAry ftiim come off fitHn tli« midrib, aemr ia bue^ 
Ftg. 076. Vsution of I'enii, In which the prtmuy T^na como off from the midrib thntnghout. 



lb ^veg off idlcrnate prlmaiy tt 
let of which onJle mWiriy hols 
itlniioui or Interrupted. 
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981 unite in a, peculiar way, eo ae to form a sort of angular arch from 
various [)ar1:e of which anaetomosing veinlets proceed, giving rise to 
reticulated venation. In Figure 982, tie primary veins give off 
secondary ones, some of which (at the base) are free and f' 





while others unite with the veins above and below, and form a sort o 
arch from which other interrupted veins parallel to the primary vein 



nj{, fi78- V«DHtEt>p of FsnlSt En which (he mldtlb glva ori^ to Alt«mBto primary TtinOr wlilch 
la tta^ tflm give off secondary veLiis. The Hccndw? veLns ftom (iJhtEg^ioiu priniofy velna UDlU 
In B ummoD inUnnedlBto Telii, which does not extend Co the inlditb, 

Kg. »80. Tenulun of Vena, In which the midilb glvei oB primary Telna, which Id their loni 



FlB. 681. ' 



m of Fata, !□ which the mldiib givea 



Fig. 982. Venalloo of Femi 
orlglii to Hcoodary Telni, Bome 
to farm a Und of rectAhgulu ne 






l8 iBtmary Ttdni, wUdi gin 
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433. The fractiflcation in ite fiiUy developed state appears as 
tporangia,* aitutited on the veins on the back, or on the margins of the 
leaves (Fig. 948, p, 316, and Figs. 968 and 969, 2), containing Bpores. 
The spore-cases are arranged in chieters (sori) of a round (Fig. 983) 
or elongated form (Fig. 968, 2), and they are eitiier naked or covered 
by a layer of the epidermis, which forms an involucre or inda»ium 
(Figs. 983 and 934). This indusium presents varions forms, and is 
pushed off during growth in different ways, according to its mode of 
attachment to the leaf. In Figure 983, it is attached hy the middle ; 
in Figure 984, by the sinus or termination of the fissare. The 
clusters of sporan^a are sometimes confluent, and form a continuous 
line bursting through the epidermis. The edges of the fronds are 
sometimes folded over the aori. It sometimes happens that the 
sporangia, in place of being in clusters on the back of the frond, as in 
the df^iferota fructification, appear in the form of a Eomple or branched 




spike. In snch cases the midrib and veins of the frond constitute the 
rachis and branches, and the spore-cases and spores are developed 
at the expense of the parenchyma of the leaf Thus, in the Boyal 
Fern (Fig. 985), the irond, / is seen presenting the usual foliaceous 
or leaf-like appearance, and the ihictification, s, is in the form of sessile 
or unstalked sporangia, arranged on a fructiferous branching rachis (Fig. 
986), and opening by a vertical fissure at the apei. 
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happens that a. pinna of Oamunda is partly parenchymatous and partly 
sporangiferous. A spiked arrangement of sporangia is seen in Mood- 
wort and Adders-tongue. In Hymenophyllum and allied genera, the 
titalked sporangia are covered by a cup-like process or involucre formed 
by the frond, 

434. The sporangia commence as cellular buds from the paren- 
chyma. Some of the cells constitute the stalk when present (Figs. 
987, p, and 950, p. 317), others form the sporangium, s, in the interior 
of which spores are formed. It frequently happens that the cells out- 
side the sporangium form an armuttu or ring (Fig. 987], which is 
either vertical, and attached by its base, as in Polypody, or horizontal 
and free, as in Hymen ophy Hum. The cells componng the ring have 
walls which vary in thickness on the inner and out«r ude, and by 
their unequal contraction finally rupture the delicate sporangium, so as 
to allow the spores to escape. The ring is very obscure and imperfect 




in some Ferns, as Osmunda, and it is awanting in Moonwort and Addera- 
tongue, and in many other Ferns. Hence, some Ferns are called 
annulate (having a ring), others exannulaie (not having a ring). 

Fig. 88*. CluBtoroTiptmngtaDfUnRojiBlFern (Ommda resalit). The lub-globoM ■poisngis 
are clnttand on tin mirglii of an allsnd pimu ; Die)' hiia >n DbKim ring or umnllH, tn 
•triattd, and open by two ngDlu Talwt 

FTg. SS7. Sporangia of a Fern {Marffinaria eerrviota). They are Bupported on Kptale cetlnlai' 
atalka (pedicels), p, a coDtlnuatlon of wblrh, In the form of an elaatlc ceUulir ring, anrnHuidi tbe 
ipore-caae, i. Tfie fern i> called wiaaUte, or ringed, on thla uxount The ipoianglDm, i, opwu on 
one Hide, bo aa to KBtter the apona, and the elaatldty of tfaa ring alda In the raptDra 

Hg. BSa Spore of a Fern (Palffodiim aum-ml. having two cdlnlai ooreringi, lbs outer of wbkk 
la marked by dota, and a linear depreailon. 

Fig. ssa. Polygonal acale, (, of a apedei of Hwso-tail fB^itetim), b 
which open on thdr Inner aor&ce to diacbaiga qmna. 

Elg. 990. Spore of a HHW-tail (SjuKfuM). nunrnnded by two filaioeota with club. 
IruMilUea. The filamenu In thla Itate Ire lolled round the ipore. 

Hg. 9»1. Spore of the Horu-lall, with the hj^ninieDlc flhunenta expanded, thowL 
club-ahaped eitremlUca of each of them. Thla ia tbelr ^pearaice when dry. When m 
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435. The aporea (Fig. 938, p, 313) are covered by a double mem- 
brane, and the outer layer is marked with points, as shown in Figures 939, 
p. 313, and Fig. 988. These spores germinate, and give rise to a peculiar 
parenchymatous espauaion, called the pro-thalliM or pro-embryo (Fig. 
956, p. 319), on which peculiar reproductive cells have been discovered 
by Snmioski. Some of these cells contain moving spiral filaments 




(phytozoa), and are looked upon as antberidia ; others of a larger size 
and oval form contain a mother-cell or embryo-sac, which, after im- 

Hg.eW. FiiicUficUlonoriiipecluofHoiH-tiUtl^iHlm IVteitfM). The lUIk li nmwinded 

The fhnnmcukm, / fg u IhB eitmnitr dT tbe frond. In tbeftimi of ip)TiunldAl mm or poligonal 
AuUv» benrlng ipom on tbelr under mrfiiee. Tlio frncttficatJon In Bomfi ipcdH Ij aa the hmjbb bnntjfa 
wUta tho lBaT«, wbilo b others, u In tbe flgnre, U la on a HpuHte bnncb- 

ng. ma FmctiScation of ■ Clnb-moH ilycofeiiitm, cliaattm.). Tbe hnnch In covenid wllh' 
mlnnU pointed leivei, I .- from It pnoeede ■ italk bearing M Iti eitiemltf tuo tplkts, /, conilithii 
oTntodlfied lesTa, vHh rnctUcathn. 

Fig. S94. FiDctlftcition of Clob-moH (tfcofodiami, tltnated In the aill of h leiC, I. II con^ti 
ofBcaKcontalidngnilniileiwUaUrbailK*, whtcb an dlKhutied in Ifaefbrm of powder. 

Fig. 906. One of the ca>« upsrstsd from Itac uil of Ihe Club-mou lea^ opening by Irta nlvct, 
and dfechereing the minulo Lycopode powder. 
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pregnatioD, is supposed to produce the frond bearing sporangia. These 
stages of growth have already been noticed [^ 425] ae instances of 
alternation of generations. These views have been adopted by many 
able physiologists of the present day.* 

436. Horte-tails, or Eytasetacew. — The plants of this Crypt<^;amic 
order exhibit cells, vessels, epidermis, and stomata. The epidermis is 
siliceous and striated ; the stomata have been shown in some of the 
species of Eqnisetum to consist of four cella, two of which are pectinate, 
prescDting on their inner surface numerous projecting processes like the 
teeth of a comb. They occur in a longitutUnal series, and are well 
seen in Dquisetum hyemale, or Dutch Rushes, after the action of nitric 
acid. The plants have roots, rhizomes, or imder-ground steniE, and 
aerial branches, but no true leaves. The rhizomes sometimes extend 
to the depth of many feet. The stalks sent up from the rhizomes, are 
hollow and jointed, the articulations being separable, and surrounded 
by toothed sheaths (Fig. 992, s). In the outer cylindrical portion of 
the stalks there are longitudinal tubes or flstulie, which alternate with 
furrows on the exterior. The primary branches arising from the 
rhizome are sometimes simple, at other times branched — the branches 
being often verticillale. 

437. The fructification in its advanced state consists of spore- 
cases enclosing spores, attached to the under surface of shield-like 
hexagonal scales, and collected into a common pyramidal head (Fig. 
992, /). In Figure 989 is shown one of the stalked scales bearing 
spore-cases, which split longitudinally on their inner sur&ce. The 
scale, g, has some resemblance to the bracts in the Cypress cones, and 
it bears on its under surface a circular low of membranous sacs elon- 
gated like teeth, t. The sacs open towards the centre of the scale, or 
that part to which the stalk is attached. Within these sacs there are 
mother-cells which produce each a single spore. This spore is pro- 
vided with two elastic spiral appendages, which at first completely 
cover the wall of the mother-cell and enclose the spore (Fig. 990), but 
finally spread out so as to burst the walls of the sac (Fig. 991). The 
elastic club-shaped (clavate) filaments remain attached to the spore, 
and display hygrometric properties, coiling up when moisture is applied. 
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and spreading out when dry. If put in the field of a microscope of 
low power aad breathed upon, the movementa of coiling and uncoiling 
are well seen. The Bpiral fibres or elaters, by their elasticity, seem 
to aid in scattering the spores, and in placing them in circumstances 
favourable for growth. 

438, The spore, when sproutiog, produces a pro-embryo or pro- 
thatluB, which at first appears as a green lobed leaf supported on a 
stalk, which serves as a root. The lobes of the pro-embryo extend 
and subdivide until a number of cellular septate tubes are produced, 
contauiing green matter. In tbis pro-embryonic state the Horse-twls 
resemble Conferva. It is in this state that bodies resembling the 
antberidia of Ferns have been detected, as well as peculiar cells, 
which have been regarded as equivalent to the arehegonium or the 
so-called ovule of the higher Cryptogamics. This latter body g^ves 
orig^ to the aerial stem of the plant whioii bears the fructification. 
There would appear to be, in this instance also, an alternation of 
generations similar to what Suminski has observed in Feme. The 
branches which are sent uj) by the Horse-tail are sometimes barren, 
producing verticillate leaves only, without any Bporo-cases or spores. 
Mohl has observed the development of the spore-case of Equisetum. 
It appears first as a homogeneous cellular body, in the centre of which 
are gradually produced greenish granules, surrounded by a special 
membrane. The green matter is divided into four parts, or mother- 
eella, each containing a single spore.* 

439, Club-mosses or Lyciypodiatea. — These plants have creeping 
stems or corms, which produce lealy branches, having some resemblance 
in general appearance to Mosses. Structurally they consist of cells 
and vessels, the latter occurring in the form of woody and annular 
vessels, which occupy the asis or central part of the stems. Bools 
are g^ven off from the primary stem, as well as from different part* of 
the branches. The leaves are small and sessile, imbricated (Fig. 993, 
i), or verticillate, and on their epidermis stomata exist in small 
quantity. The plants are interesting, as being allied apparently to 
fossil plants, such as Lepidodendrons (Fig. 309, p. 132). 

440, The fiilly developed fructification occurs in the axil of leaves 
(Fig. 994), which arc often collected together in the form of a spike 
(Fig, 993, /). The fructification is of two kinds, one being kidney- 
shaped, two valved cases (Fig, 995), which originate in cellular 
mammille, and ultimately appear as sacs containing cells, with four 
spore-like bodies in each. These are discharged in the form of yellow 
dust, known as Lycopode powder, and used, from its inflammable 
nature, in place of sulphur. Some conwder these organs as antberi- 
dia containing a matter resembling pollen. The powdery substance 
has not been seen to germinate. The other kind of fructification con- 
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siBts of a roundish and somewhat four-sided body, called by Miiller 
oopkoridmm, contaiDing four large spores in its interior, and opening 
by two valves (Pig. 965, p. 320). These large spores, called ovules 
by some, germinate and reproduce the plant. 

441, While the first mentioned organ {Fig. 995) is considered by 
some as an antheridium containing grains like those of pollen, the latter 



(Fig. 965, p. 320) is looked upon as the pistdllidium with ovnles, 
These ovules. It is supposed, produce in their interior a pro-thallus or 
pro-embryo of small HZe,froma large cell of which the proper fructifying 

V\S- 960. SpedoH of Pcppcivort (Manilfa Pthri), with ita cr«pinE itfin, 3, bearing qnodrUbUatfi 
leiveii, coaalsOng of ipotocarpa, which op™ to ullow 0( the hk«pe of a pecnllir pecepUd* Msn in 
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Btem is developed. In Quillwort, the two kinds of fructification are 
imbedded in the aiibatance of the base of the leaf.* 

442. PepperworU^ Marsiieace<e, or Rhhocarp(e. — These planta 
have creeping stems wiUi leaves, which are divided into three or more 
cuneste portions, and have a circinate vernation. 
The leaves have stomata and veins. The stem in- 
creases by its extremity. It contains a central vascu- 
lar bundle consisting of woody and scalarilbnn vessels 
surrounded by parenchyma. One of the plants called 
Marsilea is represented in Figure 996, in which the 
rhizome bears roots on one side and long-stalked leaves 
on the other, the laminie of the leaves, I, being divided ^ 
into four parts. The fructification, /, is produced at 
the base of the leaf-stalks. It consists of sparocarpa i 
or ovoid sacs enclosing oi^ans of reproductian. 

443. The sporocarp or, as some call it, involucre, 
is globular, and is borne on a jointed stalk; the 
terminal joint (receptacle of some) produces branch- 
ing and anastomosing fibres which at first give the 
appearance of membranous partitions, and bear on 
their ultimat* divisions horizontal spike-like masses, 
at first enveloped in a membrane, and composed of 
antheridia, and of sporangia or, as some call them, 
ovules. The latter are large and are placed at the 
upper part of a gelatiuous kind of placenta, while 

^,j-jjTj--^ the former are at the lower part. In each spore- 
ft%%V»* • • ^ case, there is a single spore which germinates by sending 
^3»,Q**,y out roote, and leaves at a little projecting point at the 
nc. MS. summit. The leaves, at first, are filiform, and then two 
and four lobed.-}- 

444. In Figure 997 is represented the two-valved sporocarp, s, 
of Marsilea open, and giving out a cellular oord (called by some the 
midrib of the modified leaf forming the involucre), which at first was 
curved in a ring-like manner so as to unite the valves, and which 
finally Is detached at one end, p, bearing the reproductive spike-like 
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masses, f, on its Biu&ce — these mssseB consistiiig of antfaeridia and pistil- 
lidia inclosed at firat in sacs, and attached to mucila^ous placentas. 
In Figure 966, page 320, is shown the ovale or sporangium with a Bort 
of projecting hood and a mammilla, whence roots and leaves proceed 
during sprouting ; while in Figure 998 is seen the pyriform antheridium 
with the grains like pollen in its interior. Some call these gnuns 
tmaU spore* in contra-distinction to the large germinating spores. 

445. In Pillwort, the reproductive bodies are in small rotmded 
sacs at the base of the narrow leaves. These sacs are divided inter- 
nally into four, and they dehisce by four valves. Certain gelatinous 
processes on the inner side of the walls of the sac bear two kinds of 
organs, one containing granular matter like pollen, tuA the other 
germinating bodies. These apparently are analagous to the antheridia 
and pistillidia of other GryptogamicB. The former are pyriform saca 
containing pollen-like gr«ns, the others are similar sacs containing 
cells arranged in fours, one of which is developed as the embryo-pIanL 
In Salvinia, as shown in Figure 951, page 317, the antheridia and 
the ovules or pistillidia are in distinct involucres or sporocarps, sup- 
ported on cellijar columns. 

2. OttoANa OF Mosses and theib Aujeb. 

446. Moiita or Musci. — These plants have stems bearing minute 
cellular leaves. The stems consist of cells which in the periphery are 
polyhedral, while in the centre they are elongated. There is no 
pleurenchyma nor true vascular system. In many Mosses the stem 
terminates at a certain epoch, by bearing the organs of reproduction. 
Such stems are determinate, and the Mosses are called acrocarpous 
(fruit at the summit). In other cases the principal stem ends in a 
leaf-bud, and continues to elongate, the organs of reproduction appear- 
ing on lateral branches. Soch stems are indeterminate, and the Mosses 
are called pleurocarpous (fiiiit at the side). 

447. The leaves, when produced on the stem, are called e<tulinary ; 
when they surround the reproductive organs they are called perichatial 
(around the seta). The latter are usually more approsimated than the 
others, and form a sort of rosette, in the centre of which the reproduc- 
tive organs are situated. The leaves are very thin in their texture, 
and are frequently composed of a single cellular layer. The cells 
usually contain chlorophylle, but sometimes, as in Sphagnum, they are 
colourless. The cells are either uniform in their size and !4>pearance, 
OF a cert^ number towards die centre are elongated, so as to form 
veins or ribs. The phyllotaxis of Mosses is usually J, |, or |. Buds, 
or what are called innovations, are often produced in the axil of the 
leaves. These buds, when detached, become new plants. 

448. Octjasionally the reproductive organs of Mosses have a pecu- 
liar leafy covering or perigone, formed by the adhesion of three or 
six small leaflets, which are quite distinct irom the perichatial leaves. 
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The organs of reproduction are of two kinds : one, consiating of cyKn- 
drical, pear-shaped, or ellipsoidal stalked sacs, contwning minute cells, 
with phytozoa or spermatozoida in their interior ; the other being also 
stalked sacs, of a more or less spherical form, containing germinating 




spores. The former constitute the antheridia, the latter the pistillidia 
or archegonia. These organs sometimes exist together on the same 

Hg. S99. AnUwtdiiun.buriDg plant of HtUi-iiuwi (ililvCriciuiii). It conalaU of an sili beartnK 
pointed lesT«. At the apei of tbe uii, t, tbs lesTca become Bll«»d In Ibrm and appeanmce, and 
GOTor ceUnlai aace wltb parapbjiAa. The fotmw vo jmlherldlA, and ara called the mala la^gaja. 
In tbiB Tton Ok latheridia and platilUdia are on aepaiatc plutis faai«i it li called DIfficloiu. 

Fig. 1000. The >o.caUed male organs of the Halr-moas (Po^Mcluni). Tbe aulfaeridlam, a, is a 
cellular tag containing mlrnite qaadiangulai cella, c, each encloabig a iplral pbytoioon or apenna- 
buaid. SuTonniUiig the perfect antheildlDm tben are aborti>e filamanta. p, called puaphjrua. 

Pig. ICOl. I'rnctmcatlon of the Hali.moH [Bilgincivm), coiudBlhig of an nm-llke (niceoUtal 
eaM or iporan^im, o, enppotted on a stalk (seta), i, and oo»ered by a calyptia, c, which baa on ila 
exterior allky bain, and which Bplitt iiregolarly at the baee. 

Wg. 1002. Fnictiacatlon of the GitlDgulahei-maea (Bncalyfla nlj/arvi}, condatlng of an uiceolate 
Bporangimn* u. sappofled on a eeta» ', and covered hj a transparent colyptra, r, imder which la seen 
the lid or opercolnint o. Tbe caiyptA la entire at tbe bofic, Bnd ia called mitriform. 

Fig. lOM, HygTometric Cord-MoH (Fimaria hyiremelncaj, with ita um-llte aporangla, b, 
nipported on stalks, f, which ariae from perlcbietlal learea, /. The iporangii ait covered try a 
calyptra, c, wblch apUts on one dde. The opercntom or Ud, o, la seen in one of tba aporangla from 
*Ucb the culyptia baa Ulen. Tbe aeta li twisted, and dliplaya bygrometric propenlea. 
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plant ; at other - timeB they are on separate plants. In the former 
case tbe Mosaes age tnoatecious, in the latt«r diceciooa. When both 
these oi^ang are not only on the same plant, bnt aleo Biirronnded by 
the same perigone, the term hermaphrodite has been applied by some. 

449. The antiieridia of MoBses are produced from little clusters of 
leaves, which differ from those of the stem (Fig. 999, a). They 
appear in the form of cellular, cylindrical, clavate bodies (Fig. 1000, 
a), containing at first a mucilaginous fluid, and finally very minute 
quadrilateral cellules, c, (sometimes called lootkecm), in each of which 
a spiral phytozoon is seen. The antheridia dehisce by irregular open- 
ings at their apex, so as to discharge their contents (Fig. 1000, a). 
Along with the antheridia there are cellular jointed filaments (Fig. 

1000, ;>) called paraphysea, which are considered to be an abortive 
state of these organs. 

450. The archegonia, often mixed with paraphyses or abortive 
filaments, arise also from small clusters or rosettes of leaves (Fig, 
1003, f), and appear in the form of spherical or obovate bodies having 
an outer envelope (epigone) and a central cellular nucleus. In the 
progress of gn>wtb, the central portion increases and rises upwards, 
and, at the same time, the epigone is ruptuied near the base — one portion 
of it remaining below in the form of a small sheath (vaginula) , the other 
being carried up on the fruit-bearing stalk in the form of a cai^^ira (Fig, 

1001, c). This calyptra is sometimes split at one side (Fig. 1003, c) 
so as to become dimidiate (halved), and at other times it is either 
entire (Fig, 1002, c) or split equally all round the base, and It is then 
called mitriform. The nucleus or central portion, when iully deve- 
loped, eonstitutes the gporanffium or fmctificatioii. The sporangium is 
usually supported on a stalk or seta (Fig. 1003, p), formed by the 
lower cells of the nucleus. The seta is often twisted, and, from its 
hygrometric properties, it produces changes in the position of the 
sporangium, according to the state of drynese or moisture of the atmo- 
sphere. A species of Funaria or Cord-moss, receives the name of 
kygrometrtea, on account of these properties. The seta varies in 
length : sometimes it is very short, as in Phaseum ; at other times 
long, as in Polytrichum (Fig. 947, p. 31G), 

451. The sporangium in its young state is a mass of cellnlar 
tissue, the cells of which are homogeneous, and contain green matter. 
When mature, it is an urn-like body (Fig. 1003 and 1004, u), 
with a cellular central axis called columella, and a cavity containing 
spores. In some instances the sporangium is indehiscent ; in other 
cases it opens either by four lateral valves, as in the Split-moss 
(Andrssa), or by means of a lid called an operadum (Figs. 1004, o, and 
1005, o). The walls of the sporanginm condet of three cellular layers, 
which may be looked upon as three unis contained within each otiier, 
the innermost, next the spores, being less deep than the others. 
The outer layer, prolonged upwards, forms the operculum or lid, 
which separates by transverse dehiscence. The two outer layers sotne- 
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timsB become nmch Bwollen at the base, where the Hporangiom joinB 

the seta, and give rise to a cellular mass called an apophysis. Some- 
times there is ouly^ a thickening at the nnion of the seta and nm 
(Fig. 1001, a) ; at other times there is a swelling at one side. 

452. Wlien the operculom is removed, the opening (stoma or 
mouth) of the sporangium is seen. This is sometimes entire, as in 
Uoaaes called naked-mouthed (gi/mnoBtomi) ; at other times it is Bur- 
Tounded by a. peristome, formed by prolongations and divisions of the 
two inner parietal layers of the sporangium (Fig. 1006, p). The 
penBtome conaiBts of one or more rows of hygrometric cellular teeth. 




which are either four, or some multiple of that number. When there 
is one row of teeth, the Mosses are called aploperUtomi (having a 
single peristome) ; when there are two rows, the Mobbcs are called 
diploperistomi (having a double peristome). The peristomatic processes 



Hg. 1001 Spoianglinii, u, of I 

opercnliim cr Ud, o, aC the mmiQl 

Hg. lOOB, SponnglDm, u, of t 



Llr-ioau (PofyJrTffAun), dqirtvfid of Iti calyptx*, uid ihawliifr tliB 

Ttn BponuiglDm li aappoitad on ■ uu. l 
e ExtingDlflbflr-mOBa iBncaij/pUii, wHh Iti Hto, «, Dpemdnm or 
IS puigtame, F, wlih lu riitaan fmooMa « unii. 



Fig. loot. Sponngtam, v, of Hilr-mo« (A^riricAua 
lu CBlyptm and opeRnlnm. Sunoandlng tlie niiei la th« periatmns, f, uitl do^i the orifice ti k 
raanbnoe called tb* ^phragm. e. 

Fig, 1007. A ipKki of Liverwott («orc*aiiK« po^Bnordia), with iti gnen tballiu, t, begdng m 
cap-like bod;, g. In which minute celli oi free bade (Bpondes of gome) ue leeo. and ■ Ualked recep- 
tacle, ir. In the mlntanoe of the dlah-llke reoepude, r. cell) an prodaced containing phftoto« 
. TbiM an ooneidend aoUieiiiUa. 
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(teeth) are sometimes twisted as in Tortula. In some Mosses the 
inaer parietal layer appears ae a membtaae called epiphragm or tym- 
panum, stretched across the mouth, from the walls of the sporangium 
to the columella (Fig, 1006, e). The lid is composed of a single 
cellular layer, and may be considered a coatiuuation of the outer 
sporangia! wall. It is generally, however, separated from the spo- 
rangium by two or three rows of cells, forming a ring or anmtlue. 
The inner lining of the sporangium encloses sporiferous mother-cellB, 
the contents of which divide into four spores. 

453. Some consider the sporangium as formed of a series of 
cellular leaves, arising from the top of the seta, and united together, 
the lid being formed by the laminte, which are joined by an articula- 
tion to the petiole, in the same way as occurs in the Orange leaf. The 
teeth are regarded as instances of chorisis ; while the calyptra is said 
to be a convolute leaf or bract, covering the spore-case in its young 
state. In some rare instances it is said that leaves are produced in 
place of spore-cases. Henfrey considers the pistillidia of Mosses as 
resembling the so-called ovules of Club-mosses and Rhizocarps — the 
pistillidia giving rise to sporangiferous individuals. There is tbuB a 
compound organism, in which a new individual, forming a second 
generation, developed after a process of fertilization, remains attached 
organically to its parent, from which it differs totally in all anatomical 
and physiological characters. It is an instance of alternation of 
generations. This, he says, is quite different from buds in Phanero- 
gamia. It is not merely an extension by gemmation. The sporan^ 
of Mosses are the result of a truly reproductive proces-i, while the in- 
novations are buds. 

454. The spores of Mosses, when sprouting, give out filaments 
which ramify and anastomose. These filaments, being composed of 
cells placed end to end, and being filled with green matter, resemble 
Conferva. After fifteen or twenty days, there are seen at numerous 
points, where the filaments cross, small leaves disposed regularly 
round a very short axis. In this process Mosses resemble fungi. In 
both the spores give origin to filaments, and from these filaments the 
characteristic organs of the plant arise. In the latter, however, the 
filamentous cells, called the mycelium, never contain green matter ; 
while the filaments of Mosses always do. The mycelium of Fungi 
performs almost entirely the function of nutrition, and often remains 
during the life of the plant ; while the filaments of Mosses perform 
only temporary fiinctions, and are replaced by proper leaves, stems, and 
roots, which give origin to the reproductive organs. 

455. Lioerworta or Hepaticm. — In these plants, the vegetative 
system (organs of nutrition) consists either of a simple membranous 
expansion, composed of united cells, containing green matter, or of an 
axis hearing cellular leaves. In Marchantia, this membranous ex- 
pansion or thaUua (Fig. 1007, () is composed of several layers of cells. 
The upper and lower layers consist of colourless cells, and form a Bort . 
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of epidermis. The upper epidermal layer haB stomata, while the 
lower gives off root-like filaments. The central layer of cbHb contains 
green matter, and between the cellules there are spaces which com- 
municate with the stomata on the upper surface. Those Liverworts 
which have a thallus such as Marchantia, are called membranous ; 
while those having stems and leaves, such as the Scale-mosses ( Junger- 
manniee), are caulescent. In the latter the leaves present various 
forma, such as oval, entire, bidentate, bifid, two-lohed, quadripartite, 
and laciniatcd. 

456. The thallus of Marchantia differs from the foiiaceons expan- 
sion of Lichens, in its mode of production. la the latter, the spore, 
when sprouting, giv^s out filaments like the mycelium of Fungi, 
whence the foUaceous receptacle is produced ; while in the former the 
spore is at once developed as a cellular mass, of a more or less irre- 
gular form, in the same way as occurs in Sea-weeds. The thallus of 
Marchantia, besides jiroducing organs of reproduction, bears cup-like 
bodies with toothed edges, containing little germs or bulbils (the 
spomles of some authors), which are not traced to a reproductive pro- 
cess, and differ from buds, in being contained in peculiar organisms. 
These aporules, bulbils, or germs, propagate the plant. They are seen 
in Pig. 1007, g, on the surface of the thallus. Besides these, there 
are innovations, or true buds, which are produced from the edges of 
the principal thallus in membranous Liverworts, and from the axil of 
the leaves in the caulescent Liverworts. These buds, when detached, 
give origin to new individuals. 

457. In Hepaticie, the reproductive organs consiBt of zoothecm or 
antheridia, and archegonia or piitillidia, either on the same or on 
different plants. The antheridia are small cellular sacs of a globular, 
ovoid, or flaak-like form. They have a single or double cellular 
covering, enclosing viscid matter, in which are developed four-sided 
cells, in each of which is a small filiform body, rolled up in a circular 
manner, and displaying rapid movements. These bodies, called pht/- 
tozoa, are finally liberated, and unrol themselves, appearing as filaments 
swollen at one extremity, and gradually tapering to the other. In 
Marchantia (Fig. 1007), these antheridia occur in the upper side of 
an elevated disk or receptacle, r. When this disk is cut vertically, as 
shown in Figure 1008, they are seen at a a, as flask-like cellular sacs, 
separated by air cavities, c c, which communicate with stomata, s s. 
A mi^nified antheridium discharging its phytozoary cells, is given 
In Figure 1009. In some Hepatic* these antheridia occur in the 
substance of the thallus, while in others {as in some Jungermannise) 
they appear in the axil of the leaves. 

458. The archegonia or pistillidia of Hepaticse are either situated 
in the substance of the thallus, as in Biccia, or they are raised upon 
stalks, as in Marchantia (Fig. 1010) and Jungermannire. In Mar' 
chantia these stalks bear radiated receptacles, r, on the under surface of 
which the sporangia are placed. These sporangia have a membranous 
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covering called epigone or calyp^^, the upper end of which elongiates 
like the neck of a, bottle (Fig. 1011, a), so that the pistillidinm 
reBcmhleB a pistil, with its ovary, style, and stigma. When the epo- 
rangium ia raised on its stalk, the caljptra is raptured irregularly ; its 




lower portion remaining in the form of a sheath romid the base of the 
stalk. The piatillidium, thus formed by the central cellular spore- 
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beariog sac and the epigone, is Buirouoded also by a collular sac called 
tile perigone (Fig. 1011, J), which begins in the form of a ring at the 
base, and ultimately forms a cup-lite covering. Occasionally there 
are certain cellnlar filaments, or penchietial leaves, surrounding the 
perigone (Fig. 1011, c). In Marcbantia the perigone encloses a single 
piatillidium ; in Jungermannia it encloses several, but only one is 
developed. 

459. The stmcture of the sporangium, or the sac contcuning the 
mother-cells of the spores, varies in different genera. In Anthooeros, 
the sporangia are elongated and open by two valves, and there is a 
central cellular columella. In Jungermannia, the sporangia are glo- 
bular, and open by four spreading valves. There is no central column, 
but the inner wall displays cellules, called elaters, fised by one ex- 
tremity, and containing one or two spiral fibres which by their elas- 
ticity scatter the spores. In Biccia, the sporangia are globular, and 
there are neither elal«rs nor columella. In Marcbantia, the sporangia 
consist at first of a mass of cellular tissue contfuning green matter. 
There are two sets of cells, one internal, being the spore-ceUs, and the 
other estemal. The latter display polyhedral and rounded cells 
along with slender fusiform tubes, the walls of which are marked by 
two spiral strite, which ultimately appear as two cork-screw like 
threads (Fig. 1012). These threads or elaters are very hygrometric, 
and serve to scatter the spores. In the Hepaticte, in general, the 
spores are developed in spheroidal mother-cells, the contents of which 
divide into four parts, each of which is a germinating spore. The 
spores become free by the destruction of the walls of the mother-cells.* 

3. Oboahs of Lichens and thrir Allies. 

460. Lickena or Lickenes are cellular plante growing on stones, on 
the surface of the earth, and on trees, and taking np nourishment by 
all points of their surface. They belong to the Thallogenous division 
of Cryptogamics, in wliich no vascular tissue is seen. Their vegeta- 
tive system varies much in its form and appearance. Sometimes it 
appears as fine pulverulent matter in the form of a leprous or mealy 
crust ; sometimes it is a foliaceous expansion, as in Parmelia (Fig. 
1013) and in Iceland Moss (Fig. 1014} ; sometimes it is in the form 
ot filaments, as in Archil (Fig. 1015), of horn-like processes, or of 
branching stalks, as in the Rein-deer Moss (Fig. 1016) ; and some- 
times it is a gelatinous mass. 

* For fnrtber particalui nlatJvA to [he BtrDcture nnd deTelopmeot at tiie memlHn of the HoKtil 
sUUnc*. caninlt Hedwlg, TheoriB GcnenUonli «t FnictificallonlB FUnUmin Cryplogsmlcaraui. ud 

lAubmome. Beuinga de EiolntlODe Sporidlonun In CapiulU HnKOmm. Bmcb HDd ScMmpcr, 
BrToLoglA Eon^iBB. UndenbfiTg^ Spedei HepatioTom. GottAche. Synopila HepatlcAfom. Mohl, nt 
W DsraloppemeDt det Spo»fl dfi rAutbocftTDfl Lsv^ ^Ann. dei 8a^ Nat, ^d kt. xl^ 208. VeJenttne 
on MoHH, LlnnffiBJi TruaKctloDB, xvli 406. Montagno, dea Organei Malu da Qetin T4rglanl^ 
Ann-'du Sdeucei nat. 2d mr. ix. lOCL H<wk«r-> Britlgli JaneerauHiniB. Hiibel, Recbercha 
ADAtomlqna et PJiy^1o0quH mr 1ft Majchuitla Polymorpliji, Ld Kout. Ann. da IHnHiim^ L 93. 
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461. The vegetative Bystem is BometiineB called the common recep- 
tacle, at other times it is called thallus. The latter term is by eome 
authors restricted to the vegetative Bystem of Liverworts and Sea- 
weeds — the foliaceous expansion of Lichens being considered by them 
as produced from anastomosing filaments, forming a sort of mycelium 
or spawn, which, after serving a temporary purpose, disapjwars. The 
vegetative system of Lichens consists of two kinds of cells, cylindrical 
and spherical. When the common receptacle (thallus) spreads on the 
surface of bodies, the cylindrical cells are on the lower surface, and 
the spherical on the upper. When the common receptacle is vertical, 
the spherical form the external portion, and the cylindrical the central. 

462. There are two layers of tissue usually distinguished in 
Lichens, one called cortical, in which the cells are more or less 
rounded, the other medullary, in which there are both round and 
filiform cells. The spherical cells of the medullary layer {Fig. 1020, 
g) are generally filled with green matter, and, in certain circumstances. 



Ffg. 1013. Hk, 1014. Fill- 1016. 

they become detached and form separate individuals. These green 
cells have received the name of gonidia. When they are being de- 
tached, the separation begins at the centre, so that the middle of the 
Lichen becomes pulverulent, while its circumference may remain foli- 
aceous or crustaceous. By the continuation of this process it some- 
times happens that the whole Lichen becomes a mass of greenish or 
yellowish powder. The gonidial cells seem to be the active vege- 
tating part of the Lichens, and give rise to the other tissues. They 
may be considered as germs not produced by a process of impregnation. 
463. The reproductive organs of Lichens consist of thecm (spo- 
rangia of some), often accompanied with paraphyses. While these 
represent the archegouia or pistillidia, there is no good evidence of 

Fig. WIS. A Uehen (itarweiw). with its cdlolM eipiuuion (UuUm), rail lU roonded apoUiwU. 
or ipoU Df fhictlQcatioD 

Fig. 1014. IcelADdMosalCctranaiilimifica), ■ ipedn of Uehen, canaladngorBfoUiiaKiiiBcelluliii 
■ipuulDii healing the IhicUAcatltKi. 

Fig. lOly Archil (B(Kretla\ a >p«l«i of Lichen uied to fUmieh UtJrna. It coneiila of thread- 
Uke cellidBi eipuigtoni, bearing ftncOBciidiin. 
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the existence of true atitheiidia. Itzigaolin has recently indicated the 
presence of antheridia containing spermatozoidB, but his observations 
have not been confirmed by Tulasne and others.* The thecte contain 
four, eight, twelve, or sixteen sporidia (Fig. 1017), which are cells 
with spores in their interior. The sporidium in its early state consists 
of two nucleated cells (Fig. 1018), which in the progress of growth 
become changed (probably by a process of conjugation), so that ulti- 
mately the mature sporidium contains numerous minute spores. In 
Figure 1017, t, there is represented a tbeca or ascus, as it is often 
called, with four sporidia in its interior, and surrounded by paraphyses 
or abortive filaments, p. 

464. The thecse and paraphyses are usually united together, so as 
to form a mass of fructification of a circular, cup-like, globular, or 
linear form. The iructification, when circular, is called apotkedum 
aad patella (Figs. 1019 and 1020, a), when linear, tirelta. Sometimes 







Fig, tOlS. 



the fructification is covered by a cortical layer of cells (porithecium), 
varying in colour, black, red, or pale, which ultimately gives way, 
either by a pore or by irreg^ular dehiscence. This is seen in what are 
called Angiocarpotu Lichens. In them there is a nucleus in the centre 
of the fructification, which consists of hyaline tubes or asci, each of 

Flg.lOlB. Rein-deer Mosa (Cladonia rofvtftr™), a epedes of LlcJien on which the raln-dcer 
feeii. ItoituCMsorbnuicliiiigcBniilufllunenUbeulneUiBfructificatlOD. The lichen bu a coral- 

Elg. 1017. A thecB, I, a( a lichen, containing fbnr ouctealed cetli. Thfee cells nltimiitely torni 
the sporidia or sacs containing numeroue minute Bporea. Round the thecs are cellular fllamente or 
paraphyiei, p. 

ItB interior, which eome botanlats cDnsidFr aa conjugating ceUs. The targe cell nltln]atcl7conBtitn(ea 
the iportdlum fllled with mlnnte Bpores, Some have called the egiorldiam in thla cenditioD a bispore 



Ml eeelion of an apolhecinni and thallna of a Llcheo. Rounded free i:eUe, j, 
. called gonldis, am seen In the centre of the IhelloB. These gonldla, which e 
aomc, are capable of germmaling and reprodncing the plant Tlicj constltt 
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which coDtMUB ei^t tporitUa. When mature, the sporidia and uci 
ue raptured, so as to diachai^ nomerons mmnto spores through the 
pore or perforation at the apex of the peiidiecium. Whea the frac- 
tification bnrsts through the cortical layers, and appears externally, it 
18 either completely distinct from the cortical layer, or a portion of 
the latter remains in the form of on elevated border. SometimeB the 
superficial cellular layer produces a stalk called podeiium, on which 
the fructification is mpported. The extremities of the paraphyaes are 
of^n swollen and coloured, so as to give rise to the peculiar colour of 
the i^thecia.* 

4. Okoans of Funqi and theib Allies. 

465. Fungi toe cellular plants having neither leaves, nor stems, 
nor roots. The organs of nutrition or vegetodou conrast of whitish 
anastomofflng filaments called mj/eeUvm or spawn (Fig. 1021, m), 
which spread like a network through the substances on which the Fungi 
grow. From this network proceed bodies resembling globes, cireular 
disks, mitres, cups, and coralline branches, which bear the oi^aus of 
reproduction. The mycelinm is developed either under ground, or in 
the interior of the substance on which the plant grows. The filaments 
of the mycelium are composed of elongated colourless cells. This 
peculiar condition of Fun^ has sometimes been mistaken for their . 
perfect state, and hence the spawn has been described in some cases 
as a separate genus. It is necessary to watch the various phases of 
development in this order of plants in order to pve a correct view of 
their organization and their characters. 

466. The organs of reproduction are produced at different points 
of the mycelium, sometimes solitary, sometimes several together. 
They at first appear as smalt tubercles composed of very minute hex- 
agonal cells. These tubercles increase and present different pheno- 
mena according to the nature of the plant to which they belong. 
Thus in ^gerita, the tuberele, after attaining its lull development, is 
covered with filaments, each bearing a spore at its extremity; in 
Feziza, it is hollowed out into the form of a cup more or less deep, 
the interior of which is lined with thewe or asci ; in Agaricus, it pro- 
duces a pileus or cap-like body borne on a long stalk which comes 
from the interior of the tubercle, and bears the fructification externally; 
in Lycoperdoa it forms in its tissue numerous lacnnte, from the cir- 
cumference of each of which are produced elongated cells bearing four 
spores on their surface. 

467. The mycelium requires a certain amount of moisture and heat 
for the development of the reproductive tissue. Sometimes it n 
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long iu a dormant state, with tubeiclee on its surface, and in this con- 
dition it presents some of those forms described as Sclerotium hy 
botanists. The tubercles remain under ground, or under the epidermis 
of leaves, or the bark of trees, and in these situations they undergo 
certain changes. Under iavonrable circumstances the changes are 
very rapid, and the tissue bearing the reproductive organs springs np 
with amazing rapidity. This is well seen in the case of Mushrooms, 
Puff-balls, and Phallus. The mycelium itself spreads with great rapi- 
dity, as is familiarly seen in Mushroom spairn. It may be kept long 



nM^' 




in a dry state, ready to develope the reproductive apparatus when- 
ever heat and moisture are applied. 

4G8. Some Fungi vegetate under the surface of the groimd, and 
either produce their fructification there, as the Truffle (Fig. 1022), or 
above ground, as the Mushroom (Fig. 1031). A very large number, 

Hg, 1021. & ipedu of Uould (PenfeillHin). conriating of ■ mycelium or apawn. m, whance S]1b« 
■ fracmerooB lUlk, ji, benrlng BSTSnil lOwB of calls, c^ nnited In B beu ~ 
'nwan mbmte cella are Uie germlDAClDff apona. 

Hg. 1032. Tbs Truffle (Tsbir nionuni), a BobterraneBu Fnn^i, with a block tt 

ngi. 1023 ami 1034, Spedmen of a New Zealand Fnngna (^haria Bober/iH}, gniirin; ttom Hie 
haad of a caUrpUUc (the laira of HegdalnB yiTEtoena;, I. The italk. 1 1. beattne: ths ftnctiflcatloD,/. 
in « aplk»-Uke Ibrm at IU eitcemllf . The growth of the Fimgoa destroy a the cateipUlBr. 

ng. loss. A apedea of Monld-fangiiB (Botrj/Ut), oonaiBthig of a mycellnm, a, beailDg a septate 
ceUolar Malk, i, which biwcbea at the apex, each diTWon bearing a rovnded apore. 
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however, are developed as pararates in the interior of living or dead 
organised bodies. Many of them give rise to diseasea in plants. 
Some Fungi are produced in animal tieeueR, more especially in certain 
diseased conditions of the epidennal system or of the mucous mem- 
branes. Their presence in such cases seems to cause an alteration in 
the phonoraena of disease. In Figures 1023 and 1024 is shown a 
species of Sph«ria growing on the larva of a New Zealand insect called 
Hepialus virescens. Such fungoid growths often cause the destruction 
of the insect on which they grow, and, in the case of the silk-worm, 
tbey give rise to serious loss. 

469. The organs of reproduction of Fung^ are spores which are 
either naked or are contained in thec« or aeci, and which are mixed 
with certain filaments called antheridia. Little is known in regard to 
the latter. When spores are produced in the interior of distinct sacs, 
called thec(B or cj/stidia (Fig. 945, cys, p. 314), they are denominated 




mdoapores, and the plants are said to be theoasporous ; when they are 
developed on the exterior of sacs called basidia, they are denomi- 
nated exnspores, and the plants are basidiosporou§ j when produced 
in the midst of a gelatinous mass, without any evident organization, 
they are called myxospores, the plants being myxosporoits.* 

470. In Basidiosporous or Exosporous Fungi, there are different 
modes of Bporc-dcvelopment. In the filamentous Fungi (Hyphomy- 



icatLon or hymeninm li marlied *, aud below ft Is tbe eob-hymeDiBl layer, ri. A 
Al cell, b, bun at Iti ap» foLir «poreB. Kf, wbidi are mppoi t cd on nalks or Bf«rig. 
IB 1b buldloaporona, and U baa a naked bywenimn. 
ion of a JaciieUa nr ^ii of the Huabroom < i^arieuB rampaleH\ cat tranBi'erwly 

o i»nl^idiigmbiute«lla. Tlia bymeidmn la marked A. At a and t ar« repreiealed 
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cetes), the terminttl cell of & ^lament sometimes is transformed into a 
spore, as in Botrytis (Fig. 1025) ; at other times several of the termi- 
nating cells are transformed so as to produce a series of spores like a 
row of beads, as in Torula and Penicillimn (Figs. 1021 and 102G). 
In the Agarics and Puff-balls, four small prominences appear on the 
basidimu, which elongate and finally become four stalked spores (sporo- 
phores), as seen in Figures 1027, sp, and 1028, spo. In Thecasporous 
Fungi, the sac or cystidium is either a globular body containing a 
great number of spores (Fig, 1029, s) disposed without order, as in 
some of the Mucors (Ascophora mucedo) ; or it is of an ovoid or cla- 
vate form, containing four, six, or eight spores or sporidia placed one 
above the other, as in Peziza (Fig. 1030). This class of Fungi is 
included among the Lichens by Schleiden, who considers all true 
Fungi as having free naked spores, i.e., as being basidiosporous. 

471. The iructification is composed either of a single transparent 




colourless ceil, of a roimded or spindle-like form, at the end of each 
filament (Fig. 1025) ; or it is composed of several cells united in a 
linear series (Figs. 1021 and 1026) or irregularly. The cystidia and 
basidia are either monosporous or tetrasporous (Figs. 1027 and 1028).* 
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Wlien either of these kinds of fructification are nmt«d into a maas 
along with paraph3'ses, they fbrm what ia called the kj/menmm {Fig. 
1030). The hymenium ia either naked, as in the Hymenomycetons 
Fungi, or It is enclosed in a membraoe called peridium, as in Oastero- 
mycetous Fungi. Thia membranona covering may be either single or 
double. 

472. The bymenium bearing the organs of reproduction sometimes 
consists of vertical plates or l(unin« radiating frcnu a centre, as in the 
Agarics, or of tubes, as in Polypoma, or of solid colnmns, as in Hyd- 
uum. Sometimes it is covered by a membranous expansion called an 
mdusium, which gives way in the progiesB of growth. Sometimes it 
is placed on the lower surface of a disk-like body called the pileua of 
cap, as in the Mushroom ; at other times it is on the upper surface of 
the pileuB, as in Helvella. 

473. In the Mushroom (Fig. 1031) and other species of Agaricns, 
the following are the nsnal organs observed : — A mycelium or spawn, 
my, developed under ground, bearing tubercles which consist of the 
reproductive organs enclosed in a volva or wrapper. This volva, vol, is 
mptored in the progress of development. The Agaric is then seen to 
be composed of a pileus, p, supported on a stalk, st, called a stipe. On 
the lower side of the pileua is the lamellar hymenium or ^lls, la, bear- 
ing spores. The hymenium was first covered by the veil or indnsimn, 
which finally gives way, leaving only a ring, an, round the stalk.* 

5. Orgaks of AuaM amd tueib Alues. 

474. AlfftB include a great number of plants which grow in the 
sea, in rivers, lakes, marshes, and hot springs. Their stmcture is 
such that they can only grow in water ; when exposed to the air they 
wither and cease to grow. They have no true leaves and no proper 
stem, but conrast of a thallua or cellular expansion which varies in 
colonr — being brown, red, green, or yellow. In some of the larger 
Sea-weeds, as Durvillea utilis and Lessonia foBcescens, the thallus is 
supported on a thick stalk, which exhibits in its structure th^ appear- 
ance of concentric circles. These stalks, however, are composed 
entirely of cellular tissue arranged in a peculiar manner. There is no 
vascular system and no woody fibre in their composition. Some species 
have root-like processes by which they are attached to rocks. These 
are only intended for fixing them to a spot so as to allow the fronds 
to be properly exposed to the water, and they do not appear to act 
as special nutritive organs. The structure of Algw is cellular, and 

■ F« fOrtliec deUDi nlatlTe to Fungi, ooniiilt BetkOsj no the rmdUcBtion of Fimgl, Ann. Nut. 
OM. i. 81. tad Ann. ia Sc. Kit M ser. Bat. ill. ISO. UonUgne, E^niaw O[gaiiogn|ituqna et 
FhyslolDfflqne dea Cbamplgnoiu, Levelllt, ■ur rHymenliuD da Glui&plgnoiu, Ann. d«R Sc HaL 
Sd tw. Bot. liO. Sil ; imd Becberchei nr 1« Un^Tiiea, Ann. dH. Sc, Nat. 2d isr. Bat iL S. 
TuUme, Fong] Hypt^cl i aIh VBfloiu p^An by blm In Ann. Aa Sc Nu. Sd ser. Bot ttL &, xvlL B, 
ZTlU.I2g,ili.JT8,uHiednr.Bot. 1.41.TU.13. DabntiM, nu la Ctuunpleaoni. In Am. dM So. 
NU. M Mc. BoL I. fiO^ and NottT. Ann. du UnKn^^ lU. T& 
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the cells vary much m form. Some of the cells are round or ellipti- 
cal, otbeis sqnare, others elongated. The ahsorption of uonrishment 
takes place thronghout the whole substance of the thallns. On tbe 
surilice of some Alg«, as the Charaa, carbonate of lime is deposited, 
and sometimes, as in Corallines, the whole texture is so penneated by 
this substance, aa to become of a hard and stony consistence. 

475. In Alg« the reproduetive organs vary in their appearance. 
They consist of apore-casea, which are often aggregated together in 
ConceptaeUs {Fig. 1032, p), along with anlheridia containing sperma- 
tozoids (Figs. 1033 and 1034). The spores are often united in fours in a 
mother-cell, forming a tetraapore (Fig. 1035, (). There are also present 
in many Algse zoospores or aporozoide, which exhibit movements during 
a certain period of their existence, and are provided with filamentons 
vibratile processes (Fig, 1036). These moving spores have been par- 
ticularly examined in Vaucheria ovoidea (Fig. 1037). This plant con- 
sists of an elongated cell, full of green matter, the extremity of which 
swells at a certain epoch, and exhibits a dark green mass, distinct 
from the rest of the green matter, and finally separated irom it by a 




yil.lOS3. 

pai'tition. The dark green mass Is covered with a membrane or 
epispore, and then forms a spore of an oval form, Tliis spore finally 
escapes from the end of the elongated cellular filament ; and then it 
moves about in the fluid, by means of vibratile cilia, as they are called. 
The motions continue for some hours, until the spore fixes itself, and 
begins to sprout. These zoospores occur also in o^er genera of Algte. 
The number of cilia varies, being numerous in Vaucheria, four in Chie- 
tophora elegans, and two in Conferva glomerata (Fig. 1038, 1, 2, 3), 
The antheridia are simple or double sacs, borne on tubes or filaments 
(Fig. 1033,«), which line superficial cavities or conceptacles, either along 
with sporiferous sacs, or alone. The same sac contains a number of 
phytozoa, having an ovoid or bottle-like shape, with two cilia, one 

Ilg, loss. Tnuurens HCtloa of a conceptscU oT n B««-m«d (f>i«( nainlanff). Bhoirlng tbe 
■poru In Uiclr ooiEringi, p, and par^hyBes Untalg the civttjr. Hie spom euMfe by an orifice, q. 

Tig. 1033. AnUieridlam. n, or Zoathecs of ■ Su-ireed (fww fnrsfw), contalnlDg ph)i|o:oa, 
WUta ibe ancberldlam paraphyacs an anlud In the Mine coacepUde, 

Fig. lOSi. AsUieildiiiin of i Bevwsed {Facta urraha). Mill HmCaiMug two phybnw* In (he uc. 
To the bnHd put of tbe phybH« two Tlbntlle cUlft tie attached. 

Fig. loss. TecraipDCO, I, of oneofUieTOBe-colODndSta-wMdBCCliWlAaiiintgiicnicufBm). Iiiii 
uc formed by the metuDorpboslj oT the lowennoat plnnuEe of tJie frond, and contalna four germi- 
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■ and the other poBterior (Fig. 1034), and having a fixed 
relation, as regards position, lo a reddish granule situated towards the 
middle of the body, 

476, In some of the lower plants of this order, such as Diatomaceie 
(Fig. 1041), an eTident division of cells takes place ; and in this way 
the plants are propagated. In Protococcus, the plact of Eed wid 
Green Snow (Fig. 1039), and in Pabnella, the plant of Grory Dew 
(Fig. 1040), and their allies, the whole plant separates into cells, 
which may be considered either as buds or spores. In these plants no 
special reproductive organs have been detected. In some of the Con- 
fervfe, as well as in DiatomaceEe, the onion of cells takes place in a 
singular manner, so as to give rise t« the formation of germinating 
spores (Fig. 1043). 

477. Britlletvorts or Dtatomacea. — Among these are included some 
of the simplest forms of Algie. They are usnally composed of united 
rectangular fragments of a brittle nature, which separate at certain 




W 




Hg. 1036. FiB, 1097. Fig. 1038. Fig. 1038. 

periods of growth, and form new individuals (Fig. 1041). The tme 
Diatoms have a siliceous covering, so that they retain their form when 
dry, and are not destroyed by fire ; while the division called Desmidiea 
have no siliceous covering, and alter much on drying. In some of the 
plants of the order, the union of cells, called conjugation, has been 
observed, similai to what takes place in Confervte. Many of the 
bodies included under this division of Algie, were considered by 

Fif. 103C. ZDOBpore OTBpoftffiDSd oToneof the CDn/^me (Ckatopkofa). The Bpore confllBU of ■ 
Ttalcle,!. to which are sttactiedfaiiTdUs or vlbtBtllEfllsDHDUCiiiUch move Ana certain timeaftH' 

t1g'lnS7, A CoDfervBceous Alg> (faujcria Droiifai), coDditiDg or an elongated clnb^htqwd cell, 
fnll of freen endocbmine- The enUr^ extxemlt; coutatoH a dark green maaB, r, Beparat£d by a pap- 
ThtB dark mass becomea annmnded bj a covering or 
□glntheapexofthefllfliiient The Aporc, t, Ifl provldad 



the rest of the coloni 
nd flrial]</ escapee thJY 



or Spotmoldi of AlgK. Tbeynr 
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Ehrenberg as of au animal nature, and he has figured tbem as such 
The division of the parent cell into two halves, is observed in a marked 
degree in Diatoms ; and these halves afterwards become detached, bo 
as to form distinct individuals.* 

478. Confervas and their Allies. — These are plants usually of a 
green colour, consisting of round or cylindrical c«lls united (Fig, 1042), 
so as to form a filamentous or a flattened thallus. In their nmplest 
form they are seen in the Palmella [Fig. 1040), consisting of a single 
globose cell, dividing first into two, and afterwards into four cells, 
which finally burst the mother-ceU, and escape. Each of these 
divisions, like the parent cell, has the power of vegetating, and of 
dividing, by a merismatic process, into four, so as to maltiply the 
plant. In Vaucheria, as already noticed (Fig. 1037), the terminal 
cell is concerned in the production of a germinating cell or spore, 
which has peculiar motions. In Achlya prolifera the terminal cell 



•3 




i® 



discharges numerous moving spores. In Zygnema and other Con- 
fervas (Fig. 1042), the cells composing the filaments have the power 
of giving out lateral cellular processes, by means of which a union 
takes place, the result being the production of a spore, either in the 
tube between the filaments, or in one of the cells of the filaments. 
The cells in these plants appear to have different functions, and to 
correspond to the antheridia and pistillidia of the higher Cryptogams, 
In Figure 1043 two filaments of Zygnema are seen united by 
tubes, p ; the contents of one cell, c, are seen passing into another 
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cell, d; and the result is the prodoctlou of a germinatdiig spore, s. 
In the two lower cells spiral phytozoa are aeen. In Hydrodictyon, or 
Water-net, the cells are so united, as to leave spaces between them, 
and thus give rise to a net-like appearance. 

479. Sose-coloured Sea-weeds, or Floridem. — These Alg^ are 
usually of a rose or purplish colour, and consiBt of variouely-formed 
cells, arranged either in a single row, or in several rows, so as to ibnn 
an articulated or an expanded flat and often divided thalluH. The 
organs of reproduction are restricted to particular parts of the thaJlua, 
and consiBtof spore-casea, containing spores, frequently four in number 
(Fig. 1035), intermixed often with antheridia, or filaments contfuning 
spermatozoids, these orgtms being placed in the interior of conceptacles. 
The reproductive organs exist either in cavities of the thallus, or in 




Jig. 1043. Ilg.lDU. Fig. 104S. FlE'lOtS. 

distinct sacs produced on the surface of the thallus, or at the apex of 
some of its divieions. The occurrence of tetraspores, or mother-cells 
containing four spores, is general in this division of the Algal alliance. 
The antheridia, according to Decaisne and Thuret, consist of septate 
filaments, the terminal cell of which assumes a clavate form, and con- 

Hg. 104$. Two flUmenM of a Conrervueoiu Algi (ZfijiUT 
by tubes, p, wh)c1i pus between the different cells. The coi 
form D ^ermlDaUng «pore» «. In Uie lower two celle Bpiral tiMi 

Ftg. 1014 Put of the fnictmcatloa o 



u called fuTellie, coDtelning numerou Bngnlar ejiDre-like b<dlu. Tbeie are laid 10 
luce tne plnnL and eie by moDj conMdered ea analogoiu to bode. 
Fig. 10*6. Part 
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taios phytozoa. The latter become free by the dissolution of the walls 
of the cell. Besides the tetraepores, sacs (coccidia or ceramidia) of a 
rounded form exist, containing minute spore-like bodies (Figs. 1044 
and 1045), which some call sporules. They appear to germinate, and 
difier from buds, in being contained in special sacs ; some consider 




these cellular bodies a* bulbils, nhich separate from the parent plant ; 
others look upon them as another kind of spore 

480 Brown Sea-weeds, or FucacecB — These are usually brown or 
olive -coloured pUnth, growing chiefly in salt water They consist ot 
colls, which are united so as to form various kinds of thalli Some 
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times die thallus is supported on a distinct stalk, formed of elongated 
cells ; and in the frond there occur also thickened cellular lines, having 
the appearance of veins. The cells of the thallns are often agglutinated 
together by a gelatanous intercellular substance. The reproductive 
organs consist of spore-cases and antberidia, cont^ed in conceptacles 
(Fig. 1032, p), which are aggregated together in receptacles, or large 
club-ahaped expansions, at the extremity or margin of the thallus and 
its divisions (Figs. 1046 and 1047). The antiieridia are sacs (Fig. 1048) 
borne on jointed filaments (Fig, 1049), and they contain moving phyto- 
zoa (Figs. 957, 960, and 1050), The occurrence of antheridia and spore- 
cases on the same or different plants, has given origin to the terms 
LB and dioecious, which are applied to Sea-weeds by Thuret and 




Decaisne. When the spores germinate, certain filamentous processes 
are produced, which burst the outer covering or epispore. 

481. Charas or Characece. — These plants are considered as allied 
to Algte, although they present many marked peculiarities. They 
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cwnsiBt of an axis fonned by elongated tubular cells (Fig, 1054}, either 
transparent, or encrusted with carbonate of lime. Frora the axis 
arise branoh-liie processea, arranged in a verticUlate manner. In the 
interior of the tubes of these plants, distinct circulating motions are 
seen under the microscope. The currents proceed from one end of the 
tubular cell to the other, following an elongated spiral direction, and 
carrying with them granules. This is shown in Figure 1055, and 
will be specisJly noticed under Physiolooy. The reproductive organs 
of Cbaras are of two kinds (Fig. I05I, g and n), one called the globule 
(Fig. 1052, g), a spherical body, containing filaments with phytozoa, the 
. other denominated the nucule (Fig. 1052, n), an oyal body, containing 
a germinatiiig cell or spore, 

482. The nucule is produced on the axil of a branch, and consists 



of a lai^ central cell or spore, surrounded by five cells, which are 
wound round it in a spiral manner (Figs. 1056 and 1067), and ending in 
five tooth-like processes at the apex. The spore is contained in a special 
covering. The globule is usually _,--rTlTnrirr>^ 

placed immediately below tlie nucule drtSVrtmiul/ Olt. 
(Figs. 1051 and 1052, g), and con- Wm^^-^^^'^'^^^Wf^y^,^^ 
sists of eight valves, enclosing a ^ ^""^-Jj ) 

cavity in which the filamentous arti- 
culated phytozoiffy cells are con- ^ 
tained. Each valve is composed of nomerons cells, radiating from the 
centre of the valve, and exhibiting triangular processes at the edge of 
the valve, by means of which it dovetails into the adjacent valves 
{Fig. 1053}. The cells in the interior of the valvular cavity are 
filled, like those on the flat portion of the valves, with red granules. 
On the apex of cells projecting from the centre of each valve, there 
B (Figs. 1058 and 1060), composed of cells con- 



ng. loss. U>9i of septate Alamcnls. ottachi^d la ixllB ptajectJnit rrom Di« mitie of tlw Talvu o 
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taining minute phytozoa, coiled up in a spiral manner. These escape 
from the cell, and exhibit epontaneous movements (Fig. 1059).* 

483. Brief Recapitulation of the Organs of Cryptc^amic Plants : — 

1. Some Cryplogamic plants, such as Acrogens, consist of cells and vesaeU; others, 
such w ThallogeDS, consist of cells only. The formei tasy be called Vsacnlar 
CiTplogams, the latter Cellular Cryptogams. 
S. Ciyptogamic [dants sometimes hsve coaspicuons stems, as seen Id the stipes and 
rhizomes of FeroB. Sometimes tbey present a flat cellular expansion or tbaUos 
as in the case of Licbeiu ; vbile at other times thej' have an nndsrgrDond creeping 
cellular stem, as exhibited in the mycelium or spawn of Fungi. 
3. Some Cryptogams have green leaves, with an epidermis and Bt<>mata; others are 
leafless, and are variously coloured. 

The Organs ot Beprodnction are in general obscure, and coDsist usually of cellular 
sacs of two kinds — one being antheridia, containing phyWioa or spennatoioids, 
the other being pistillidia or archegonia. 

In the fully developed state of the plant, the antheridia disappear, nhile the pistillidin 
are transformed into cellular sacs of various forms, containing spores. 

Spores are germinating bodies^ considered as formed by a process of reproduction, and 
as being analogous to cellular embryos. Sporvs are occasionally foiuished with 
vibratile cilia. 

Spores are developed in mother-cells, the contents of which often divide into four. 
Mother-cellB, containing two, four, ^x, eight, or more spores, are called spoiidia. 

Cryptogamic plants are also propagated by buds or gemms, which are either attached 
to the leaves or fronds, or are conUuned in peculiar cnp-shaped bodies. 

In Ferns, the antheridia aod pistillidia are supposed to exist on a pro-thallus or ceUdlai 
expansion, produced by the spore when it gormipates. A cell of the pfstillidium 
(ovular body) afterwards givea rise to the spore-beaiing leaves (fronds). The sporea 
are contained in sporangia, with or without an elastic ring, developed on Ihebach, 
on the side, or at the base of the leaves. 

In Mosses, the antheriiUa and pistillidia are seen at certain stages of the plant-growth, 
and they are either on the same or on different plants. The f\illy developed ftnc- 
tidcation consiaU of spore-cases (sporangia), usually stalked, containing spores 
which are discharged by an opening either at the apex or side. The apidlar open- 
ing is often suiroimded by peristomatic processes, which, as regards number, are 

In Liverworts, the antheridia and pistiUidia are usually on diflerent parts of the 
plant; and they are frequently in the substance, or on the under snrfMe, of disk- 
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shaped ceUnlar stalked ezpansloiu. Aloog with the spores, spinl Glunsots, called 
Blaters, are seen. 

12. In Lichem, the antheridia and piatiltidia have not been Batis&otorily determined. 
The G-ncliScatian consists of thsca or asd, containing sporidia. There is bIbo an 
internal green layer of gemunatuig cells called ganidia. 

18. In Fungi, tbe antheridia and pistillidia ore obicare. The frnctificallon is various ; 
the spores being cdther contuned in sacs or thecn (cystidia), ot being so^^rtad on 
etalks on the enter miAux of cells called basldla. Tbe >pori(bnnis cells are attached 
to a cellnlar layer called hymenium, which preeeDta various forma. The bymeniam 
is ritber naked or enclosed in a cellolar membranous covering. 

11. In Algte, antberidia and pistDlidia bars been detected in many instances, tbe former 
b^g eometiines in tba earns cavity with the latter, and at Other times in different 
cavities. la soma of the Algie, certain cells, in the same or in separate filaments, 
seem to possess diflerent propertiea, and prodnce spores tiy a process of coiyogation 
or union. In the lowest Algsi, tbe cells of Ihn plants divide in a merismatic man- 
ner, and produce new individnala. 
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